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General Description 


The PC87317VUL/PC97317VUL are functionally identical 
parts that offer a single-chip solution to the most commonly 
used ISA, EISA and MicroChannel® peripherals. This fully 
Plug and Play (PnP) compatible chip conforms to the Plug 
and Play ISA Specification Version 1.0a, May 5, 1994, and 
meets specifications defined in the PC97 Hardware Design 
Guide. It features a Controller/Extender that is fully compli- 
ant with Advanced Configuration and Power Interface (AC- 
Pl) Revision 1.0 requirements. 


Note: All references to the PC87317VUL in this document 
also refer to the PC97317VUL, unless otherwise specified. 
References which are applicable to the PC97317VUL only 
are italicized. 


The PC87317VUL incorporates: an advanced Real-Time 
Clock (RTC) device that provides both RTC timekeeping and 
Advanced Power Control (APC) functionality, a Floppy Disk 
Controller (FDC), a Keyboard and Mouse Controller (KBC), 
two enhanced Serial Ports (UARTs) with Infrared (IR) sup- 
port, a full IEEE 1284 Parallel Port, 24 General-Purpose In- 
put/Output (GPIO) bit ports, three general-purpose chip 
select signals that can be programmed for game port control 
and a separate configuration register set for each module. 
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The PC87317VUL provides a LED drive output to comply 
with PC97 specifications. The chip also provides support for 
Power Management (PM), including a WATCHDOG" timer, 
and standard PC-AT address decoding for on-chip functions. 
The PC87317VUL Infrared (IR) interface complies with the 
HP-SIR and SHARP-IR standards, and supports all four ba- 
sic protocols for Consumer Remote Control circuitry (RC-5, 
RC-5 extended, RECS80 and NEC). 


Outstanding Features 


Among the most advanced members of National Semicon- 
ductor’s highly successful Superl/O family, the PC87317VUL 
offers: 


® Full compatibility with ACPI Revision 1.0 requirements 


® Compliancy with PC97 Hardware Design Guide speci- 
fications, including PC97 LED support 


Advanced RTC, including timekeeping and APC func- 
tionality 


24 GPIO bit ports 


FDC, KBC, two enhanced UARTs, IR support, IEEE 
1284 parallel port 
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Highlights 


Features 


© 100% compatibility with PnP requirements specified in 
the “Plug and Play ISA Specification’, ISA, EISA, and 
MicroChannel architectures 
A special PnP module that includes: 
— Flexible IRQs, DMAs and base addresses that meet 
the PnP requirements specified by Microsoft® in 


their 1995 hardware design guide for Windows® and 
PnP ISA Revision 1.0A 


PnP ISA mode (with isolation mechanism — Wait for 
Key state) 


— Motherboard PnP mode 


An FDC that provides: 


— A modifiable address that is referenced by a 16-bit 
programmable register 


Software compatibility with the PC8477, which con- 
tains a superset of the floppy disk controller func- 
tions in the uDP8473, the NEC uPD765A and the 
N82077 


13 IRQ channel options 

Four 8-bit DMA channel options 
16-byte FIFO 

Burst and non-burst modes 


A new, high-performance, internal, digital data sep- 
arator that does not require any external filter com- 
ponents 


Support for standard 5.25" and 3.5" floppy disk 
drives 


Automatic media sense support 
Perpendicular recording drive support 
Three-mode Floppy Disk Drive (FDD) support 
Full support for the IBM Tape Drive Register (TDR) 
implementation of AT and PS/2 drive types 
A KBC with: 


A modifiable address that is referenced by a 16-bit 
programmable register, reported as a fixed address 
in resource data 


13 IRQ options for the Keyboard Controller 
13 IRQ options for the Mouse Controller 
An 8-bit microcontroller 


Software compatibility with 8042AH and PC87911 
microcontrollers 


2 KB of custom-designed program ROM 
256 bytes of RAM for data 


Five programmable dedicated open drain I/O lines 
for keyboard controller applications 


Asynchronous access to two data registers and one 
status register during normal operation 


Support for both interrupt and polling 
93 instructions 

An 8-bit timer/counter 

Support for binary and BCD arithmetic 


Operation at 8 MHz,12 MHz or 16 MHz (programma- 
ble option) 
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Customizing by using the PC87323VUL, which in- 
cludes a RAM-based KBC, as a development plat- 
form for keyboard controller code for the 
PC87317VUL 


An RTC that has: 


A modifiable address that is referenced by a 16-bit 
programmable register 

13 IRQ options, with programmable polarity 
DS1287, MC146818 and PC87911 compatibility 
242 bytes of battery backed up CMOS RAM in two 
banks 

Selective lock mechanisms for the RTC RAM 
Battery backed up century calendar in days, day of 


the week, date of month, months, years and century, 
with automatic leap-year adjustment 


Battery backed-up time of day in seconds, minutes 
and hours that allows a 12 or 24 hour format and ad- 
justments for daylight savings time 

BCD or binary format for time keeping 

Three different maskable interrupt flags: 


¢ Periodic interrupts - At intervals from 122 msec 
to 500 msec 


Time-of-Month alarm - At intervals from once per 
second to once per Month 


Updated Ended Interrupt - Once per second 
upon completion of update 


Separate battery pin, 2.4 V operation that includes 
an internal UL protection resistor 


2 uA maximum power consumption during power 
down 


Double-buffer time registers 


ACPI Controller/Extender that supports the require- 
ments of the ACPI spec (rev 1.0): 


Power Management Timer 

Power Button 

Real Time Clock Alarm 

Suspend modes via software emulation 
PnP SCI 

Global Lock mechanism 

General Purpose events 

Date of Month Alarm 

Century byte 


An APC that controls the main power supply to the sys- 
tem, using open-drain output, as follows: 


Power turned on when: 


The RTC reaches a pre-determined wake-up centu- 
ry, date and time selection 

A high to low transition occurs on the RI input signals 
of the UARTs 

A ring pulse or pulse train is detected on the RING 
input signal 

A SWITCH input signal indicates a Switch On event 
with a debounce-protection 

Any one of seven programmable Power Manage- 
ment external trigger events occur 


Powered turned off when: 


A SWITCH input signal indicates a Switch Off event 


Highlights 


— A Fail-safe event occurs (power-save mode detected 
but the system is hung up) 


— Software turns power off 
— Any one of 10 programmable Power Management 
trigger events occur 
Two Serial Ports (UART1 and 2) that provide: 
Fully compatible with the 16550A and the 16450 
Extended UART mode 
13 IRQ channel options 
Shadow register support for write-only bit monitoring 
UART data rates up to 1.5 Mbaud 
An enhanced UART with IR interface on the UART2 that 
supports: 
— IrDA 1.0-SIR 
ASK-IR option of SHARP-IR 
DASK-IR option of SHARP-IR 
Consumer Remote Control circuitry 


DMA handshake signal routing for either 1 or 2 chan- 
nels 


A PnP compatible external transceiver 


A bidirectional parallel port that includes: 
— A modifiable address that is referenced by a 16-bit 
programmable register 
Software or hardware control 
13 IRQ channel options 
Four 8-bit DMA channel options 
Demand mode DMA support 
An Enhanced Parallel Port (EPP) that is compatible 


with the new version EPP 1.9, and is IEEE 1284 
compliant 

An Enhanced Parallel Port (EPP) that also supports 
version EPP 1.7 of the Xircom specification 
Support for an Enhanced Parallel Port (EPP) as 
mode 4 of the Extended Capabilities Port (ECP) 

An Extended Capabilities Port (ECP) that is IEEE 
1284 compliant, including level 2 

Selection of internal pull-up or pull-down resistor for 
Paper End (PE) pin 

Reduction of PCI bus utilization by supporting a de- 
mand DMA mode mechanism and a DMA fairness 
mechanism 

A protection circuit that prevents damage to the par- 
allel port when a printer connected to it powers up or 
is operated at high voltages 


— Output buffers that can sink and source14 mA 


Three general-purpose pins for three separate program- 
mable chip select signals, as follows: 


— Can be programmed for game port control 


— The Chip Select 0 (CSO) signal produces open drain 
output and is powered by the Vocy 


— The Chip Select 1 (CS1) and 2 (CS2) signals have 
push-pull buffers and are powered by the main Vpp 


— Decoding of chip select signals depends on the ad- 
dress and the Address Enable (AEN) signals, and 


can be qualified using the Read (RD) and Write 
(WR) signals. 


24 single-bit GPIO ports: 


— Modifiable addresses that are referenced by a 16-bit 
programmable register 


Programmable direction for each signal (input or out- 
put) 

Programmable drive type for each output pin (open- 
drain or push-pull) 


Programmable option for internal pull-up resistor on 
each input pin 
Configuration-Lock options 
— Several signals may be selected as interrupt triggers 
— A back-drive protection circuit 
An X-bus data buffer that connects the 8-bit X data bus 
to the ISA data bus 
Clock source options: 


— Source is a 32.768 KHz crystal - an internal frequen- 
cy multiplier generates all the required internal fre- 
quencies. 


— Source may be either a 48 MHz or 24 MHz clock in- 
put signal. 


Enhanced Power Management (PM), including: 
— Special configuration registers for power down 
— WATCHDOG timer for power-saving strategies 
— Reduced current leakage from pins 

— Low-power CMOS technology 

— Ability to shut off clocks to all modules 

— LED control powered by Vocy 


General features include: 


— All accesses to the Superl/O chip activate a Zero 
Wait State (ZWS) signal, except for accesses to the 
Enhanced Parallel Port (EPP) and to configuration 
registers 


Access to all configuration registers is through an In- 
dex and a Data register, which can be relocated 
within the ISA I/O address space 


160-pin Plastic Quad Flatpack (PQFP) package 
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1.1 CONNECTION DIAGRAM 
1.2 SIGNAL/PIN DESCRIPTIONS 


Configuration 


2.1 HARDWARE CONFIGURATION 
2.1.1 Wake Up Options 
2.1.2 The Index and Data Register Pair 
2.1.3. The Strap Pins 


SOFTWARE CONFIGURATION 
2.2.1 Accessing the Configuration Registers 
2.2.2 Address Decoding 


THE CONFIGURATION REGISTERS 
2.3.1 Standard Plug and Play (PnP) Register Definitions 
2.3.2 Configuration Register Summary 


CARD CONTROL REGISTERS 

2.4.1 PC87317 SID Register 

2.4.2 PC97317 SID Register 

2.4.3 Superl/O Configuration 1 Register (SIOC1) 

2.4.4 Superl/O Configuration 2 Register (SIOC2) 

2.4.5 Programmable Chip Select Configuration Index Register 
2.4.6 | Programmable Chip Select Configuration Data Register 
2.4.7. Superl/O Configuration 3 Register (SIOC3) 

2.4.8 PC97317 SRID Register 

2.4.9 Superl/O Configuration F Register (SIOCF), Index 2Fh 


KBC CONFIGURATION REGISTER (LOGICAL DEVICE 0) 
2.5.1 Superl/O KBC Configuration Register 


FDC CONFIGURATION REGISTERS (LOGICAL DEVICE 3) 
2.6.1 Superl/O FDC Configuration Register 
2.6.2 Drive ID Register 


PARALLEL PORT CONFIGURATION REGISTER (LOGICAL DEVICE 4) 
2.7.1 Superl/O Parallel Port Configuration Register 


UART2 AND INFRARED CONFIGURATION REGISTER (LOGICAL DEVICE 5) 
2.8.1 Superl/O UART2 Configuration Register 


UART1 CONFIGURATION REGISTER (LOGICAL DEVICE 6) 
2.9.1 Superl/O UART1 Configuration Register 


PROGRAMMABLE CHIP SELECT CONFIGURATION REGISTERS 
2.10.1 CSO Base Address MSB Register 

2.10.2 CSO Base Address LSB Register 

2.10.3 CSO Configuration Register 

2.10.4 Reserved 

2.10.5 CS1 Base Address MSB Register 
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2.10.6 CS1 Base Address LSB Register 

2.10.7. CS1 Configuration Register 

2.10.8 Reserved 

2.10.9 CS2 Base Address MSB Register 

2.10.10 CS2 Base Address LSB Register 

2.10.11 CS2 Configuration Register 

2.10.12 Reserved, Second Level Indexes OBh-OFh 
2.10.13 Not Accessible, Second Level Indexes 10h-FFh 


2.11. CONFIGURATION REGISTER BITMAPS 


Keyboard (and Mouse) Controller (KBC) (Logical Devices 0 and 1) 
3.1. SYSTEM ARCHITECTURE 
3.2 FUNCTIONAL OVERVIEW 


3.3 DEVICE CONFIGURATION 
3.3.1 I/O Address Space 
3.3.2 Interrupt Request Signals 
3.3.3. KBC Clock 
3.3.4 Timer or Event Counter 


EXTERNAL I/O INTERFACES 
3.4.1 Keyboard and Mouse Interface 
3.4.2 General Purpose I/O Signals 


INTERNAL KBC - PC87317VUL INTERFACE 

3.5.1. The KBC DBBOUT Register, Offset 60h, Read Only 

3.5.2 The KBC DBBIN Register, Offset 60h (F1 Clear) or 64h (F1 Set), Write Only 
3.5.3 The KBC STATUS Register 


3.6 INSTRUCTION TIMING 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2) 


4.1 RTC OVERVIEW 
4.1.1 RTC Hardware and Functional Description 
4.1.2 Timekeeping 
4.1.3. Power Management 
4.1.4 — Interrupt Handling 


THE RTC REGISTERS 

4.2.1 RTC Control Register A (CRA) 

4.2.2 RTC Control Register B (CRB) 

4.2.3. RTC Control Register C (CRC) 

4.2.4 RTC Control Register D (CRD) 

4.2.5 Date-of-Month Alarm Register (DMAR 
4.2.6 Month Alarm Register (MAR) 

4.2.7 | Century Register (CR) 


APC OVERVIEW 
4.3.1 System Power States 
4.3.2 | System Power Switching Logic 


APC DETAILED DESCRIPTION 
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4.4.1 The ONCTL Flip-Flop and Signal 
4.4.2 Entering Power States 
4.4.3 | System Power-Up and Power-Off Activation Event Description 


APC REGISTERS 

4.5.1 APC Control Register 1 (APCR1) 

4.5.2 APC Control Register 2 (APCR2) 

4.5.3 APC Status Register (APSR) 

4.5.4 Wake up Day of Week Register (WDWR) 

4.5.5 Wake up Date of Month Register (WDMR) 

4.5.6 | Wake up Month Register (WMR) 

4.5.7 Wake up Year Register (WYR) 

4.5.8 RAM Lock Register (RLR) 

4.5.9 | Wake up Century Register (WCR) 

4.5.10 APC Control Register 3 (APCR3) 

4.5.11 APC Control Register 4 (APCR4), Bank 2, Index 4Ah 
4.5.12 APC Control Register 5 (APCR5) 

4.5.13 APC Control Register 6 (APCR6) 

4.5.14 APC Control Register 7 (APCR7) 

4.5.15 APC Status Register 1 (APSR1) 

4.5.16 Day-of-Month Alarm Address Register (DADDR) 
4.5.17 Month Alarm Address Register (MADDR) 

4.5.18 Century Address Register (CADDR) 


ACPI FIXED REGISTERS 

4.6.1 Power Management 1 Status Low Byte Register (PM1_STS_LOW) 
4.6.2 Power Management 1 Status High Byte Register (PM1_STS_HIGH) 
4.6.3 Power Management 1 Enable Low Byte Register (PM1_EN_LOW) 
4.6.4 | Power Management 1 Enable High Byte Register (PM1_EN_HIGH) 
4.6.5 Power Management 1 Control Low Byte Register (PM1_CNT_LOW) 
4.6.6 Power Management 1 Control High Byte Register (PM1_CNT_HIGH) 
4.6.7. Power Management Timer Low Byte Register (PM1_TMR_LOW) 
4.6.8 Power Management Timer Middle Byte Register (PM1_TMR_MID) 
4.6.9 Power Management Timer High Byte Register (PM1_TMR_HIGH) 
4.6.10 Power Management Timer Extended Byte Register (PM1_TMR_EXT) 


GENERAL PURPOSE EVENT REGISTERS 

4.7.1 General Purpose 1 Status Register (GP1_STSO) 

4.7.2 General Purpose 1 Status 1 Register (GP1_STS1), Offset O1h 

4.7.3 General Purpose 1 Status 2 Register (GP1_STS2), Offset 02h 

4.7.4 General Purpose 1 Status 3 Register (GP1_STS3), Offset 03h 

4.7.5 General Purpose 1 Enable 0 Register (GP1_ENO) 

4.7.6 | General Purpose 1 Enable 1 Register (GP1_EN1), Offset 05h 

4.7.7. General Purpose 1 Enable 2 Register (GP1_EN2), Offset O6hr 

4.7.8 General Purpose 1 Enable 3 Register (GP1_EN3), Offset 07h 
( 


4.7.9 General Purpose 2 Enable 0 Register (GP2_ENO) 
4.7.10 Bit 3 - IRRX2 Enable (IRRX2_E) 
4.7.11 SMI Command Register (SMI_CMD), Offset OCh 


RTC AND APC REGISTER BITMAPS 
4.8.1 RTC Register Bitmaps 
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4.8.2 APC Register Bitmaps 
4.9 REGISTER BANK TABLES 


The Digital Floppy Disk Controller (FDC) (Logical Device 3) 


5.1 FDC FUNCTIONS 
5.1.1 Microprocessor Interface 
5.1.2 | System Operation Modes 


DATA TRANSFER 

5.2.1 Data Rates 

5.2.2 The Data Separator 

5.2.3 Perpendicular Recording Mode Support 
5.2.4 Data Rate Selection 

5.2.5 Write Precompensation 

5.2.6 | FDC Low-Power Mode Logic 

5.2.7 


THE FDC REGISTERS 

5.3.1. Status Register A (SRA) 

5.3.2 Status Register B (SRB) 

5.3.3 Digital Output Register (DOR) 

5.3.4 Tape Drive Register (TDR) 

5.3.5 Main Status Register (MSR) 

5.3.6 Data Rate Select Register (DSR) 
5.3.7 Data Register (FIFO) 

5.3.8 Digital Input Register (DIR) 

5.3.9 Configuration Control Register (CCR) 


THE PHASES OF FDC COMMANDS 
5.4.1 Command Phase 

5.4.2 Execution Phase 

5.4.3 Result Phase 

5.4.4 — Idle Phase 

5.4.5 Drive Polling Phase 


THE RESULT PHASE STATUS REGISTERS 

5.5.1 Result Phase Status Register 0 (STO) 
5.5.2 Result Phase Status Register 1 (ST1) 
5.5.3 Result Phase Status Register 2 (ST2) 
5.5.4 Result Phase Status Register 3 (ST3) 


FDC REGISTER BITMAPS 
5.6.1 Standard 
5.6.2 Result Phase Status 


THE FDC COMMAND SET 

5.7.1 Abbreviations Used in FDC Commands 
5.7.2 |The CONFIGURE Command 

5.7.3. The DUMPREG Command 

5.7.4. The FORMAT TRACK Command 

5.7.5 The INVALID Command 

5.7.6 |The LOCK Command 
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5.7.7. >The MODE Command 

5.7.8 The NSC Command 

5.7.9 |The PERPENDICULAR MODE Command 
5.7.10 The READ DATA Command 

5.7.11. The READ DELETED DATA Command 
5.7.12 The READ ID Command 

5.7.13 The READ A TRACK Command 

5.7.14 The RECALIBRATE Command 

5.7.15 The RELATIVE SEEK Command 


5.7.16 The SCAN EQUAL, the SCAN LOW OR EQUAL and the SCAN HIGH OR EQUAL 
Commands 


5.7.17. The SEEK Command 

5.7.18 The SENSE DRIVE STATUS Command 
5.7.19 The SENSE INTERRUPT Command 
5.7.20 The SET TRACK Command 

5.7.21 The SPECIFY Command 

5.7.22 The VERIFY Command 

5.7.23 The VERSION Command 

5.7.24 The WRITE DATA Command 

5.7.25 The WRITE DELETED DATA Command 


5.8 EXAMPLE OF A FOUR-DRIVE CIRCUIT 


Parallel Port (Logical Device 4) 


6.1 PARALLEL PORT CONFIGURATION 
6.1.1 Parallel Port Operation Modes 
6.1.2 | Configuring Operation Modes 
6.1.3 Output Pin Protection 


STANDARD PARALLEL PORT (SPP) MODES 
6.2.1 SPP Modes Register Set 

6.2.2 SPP Data Register (DTR) 

6.2.3. Status Register (STR) 

6.2.4 SPP Control Register (CTR) 


ENHANCED PARALLEL PORT (EPP) MODES 
6.3.1 EPP Register Set 

6.3.2 SPP or EPP Data Register (DTR) 
6.3.3 SPP or EPP Status Register (STR) 
6.3.4 | SPP or EPP Control Register (CTR) 
6.3.5 | EPP Address Register (ADDR) 

6.3.6 EPP Data Register 0 (DATAO) 

6.3.7. EPP Data Register 1 (DATA1) 

6.3.8 EPP Data Register 2 (DATA2) 

6.3.9 EPP Data Register 3 (DATA3) 

6.3.10 EPP Mode Transfer Operations 

6.3.11 EPP 1.7 and 1.9 Zero Wait State Data Write and Read Operations 


EXTENDED CAPABILITIES PARALLEL PORT (ECP) 
6.4.1 ECP Modes 
6.4.2 Software Operation 
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6.4.3 Hardware Operation 


ECP MODE REGISTERS 

6.5.1 Accessing the ECP Registers 

6.5.2 Second Level Offsets 

6.5.3 ECP Data Register (DATAR) 

6.5.4 | ECP Address FIFO (AFIFO) Register 
6.5.5 ECP Status Register (DSR) 

6.5.6 | ECP Control Register (DCR) 

6.5.7. Parallel Port Data FIFO (CFIFO) Register 
6.5.8 ECP Data FIFO (DFIFO) Register 

6.5.9 Test FIFO (TFIFO) Register 

6.5.10 Configuration Register A (CNFGA) 

6.5.11 Configuration Register B (CNFGB) 
6.5.12 Extended Control Register (ECR) 

6.5.13 ECP Extended Index Register (EIR) 
6.5.14 ECP Extended Data Register (EDR) 
6.5.15 ECP Extended Auxiliary Status Register (EAR) 
6.5.16 Control0 Register 

6.5.17 Control2 Register 

6.5.18 Control4 Register 

6.5.19 PP ConfgO Register 


DETAILED ECP MODE DESCRIPTIONS 


6.6.1 Software Controlled Data Transfer 
(Modes 000 and 001) 


6.6.2 Automatic Data Transfer 
(Modes 010 and 011) 


6.6.3. Automatic Address and Data Transfers (Mode 100) 
6.6.4 FIFO Test Access (Mode 110) 


6.6.5 Configuration Registers Access 
(Mode 111) 


6.6.6 — Interrupt Generation 


PARALLEL PORT REGISTER BITMAPS 
6.7.1 EPP Modes 
6.7.2 ECP Modes 


PARALLEL PORT PIN/SIGNAL LIST 


Enhanced Serial Port with IR - UART2 (Logical Device 5) 
FEATURES 


7.1 
7.2 
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FUNCTIONAL MODES OVERVIEW 

7.2.1 UART Modes: 16450 or 16550, and Extended 
7.2.2 — Sharp-IR, IrDA SIR Infrared Modes 

7.2.3 Consumer IR Mode 


REGISTER BANK OVERVIEW 


UART MODES — DETAILED DESCRIPTION 
7.4.1 16450 or 16550 UART Mode 
7.4.2 Extended UART Mode 
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SHARP-IR MODE — DETAILED DESCRIPTION 
SIR MODE — DETAILED DESCRIPTION 


CONSUMER-IR MODE — DETAILED DESCRIPTION 
7.7.1 Consumer-IR Transmission 
7.7.2 | Consumer-IR Reception 


FIFO TIME-OUTS 

7.8.1 UART, SIR or Sharp-IR Mode Time-Out Conditions 
7.8.2 | Consumer-IR Mode Time-Out Conditions 

7.8.3 Transmission Deferral 


AUTOMATIC FALLBACK TO A NON-EXTENDED UART MODE 


BANK 0 — GLOBAL CONTROL AND STATUS REGISTERS 

7.11.1. Receiver Data Port (RXD) or the Transmitter Data Port (TXD) 
7.11.2 Interrupt Enable Register (IER) 

7.11.3 Event Identification Register (EIR) 

7.11.4 FIFO Control Register (FCR) 

7.11.5 Link Control Register (LCR) and Bank Selection Register (BSR) 
7.11.6 Bank Selection Register (BSR) 

7.11.7 Modem/Mode Control Register (MCR) 

7.11.8 Link Status Register (LSR) 

7.11.9 Modem Status Register (MSR) 

7.11.10 Scratchpad Register (SPR) 

7.11.11 Auxiliary Status and Control Register (ASCR) 


BANK 1 — THE LEGACY BAUD GENERATOR DIVISOR PORTS 
7.12.1. Legacy Baud Generator Divisor Ports (LBGD(L) and LBGD(H)), 
7.12.2 Link Control Register (_CR) and Bank Select Register (BSR) 


BANK 2 — EXTENDED CONTROL AND STATUS REGISTERS 

7.13.1. Baud Generator Divisor Ports, LSB (BGD(L)) and MSB (BGD(H)) 
7.13.2 Extended Control Register 1 (EXCR1) 

7.13.3 Link Control Register (LCR) and Bank Select Register (BSR) 
7.13.4 Extended Control and Status Register 2 (EXCR2) 

7.13.5 Reserved Register 

7.13.6 TX_FIFO Current Level Register (TXFLV) 

7.13.7 RX_FIFO Current Level Register (RXFLV) 


BANK 3 — MODULE REVISION ID AND SHADOW REGISTERS 
7.14.1. Module Revision ID Register (MRID) 

7.14.2 Shadow of Link Control Register (GH_LCR) 

7.14.3 Shadow of FIFO Control Register (SH_FCR) 

7.14.4 Link Control Register (LCR) and Bank Select Register (BSR) 
BANK 4 — IR MODE SETUP REGISTER 

7.15.1 Reserved Registers 

7.15.2 Infrared Control Register 1 (IRCR1) 

7.15.3 Link Control Register (LCR) and Bank Select Register (BSR) 
7.15.4 Reserved Registers 


BANK 5 — INFRARED CONTROL REGISTERS 
7.16.1 Reserved Registers 


11 www.national.com 


Table of Contents 


7.16.2 (LCR/BSR) Register 
7.16.3 Infrared Control Register 2 (IRCR2) 
7.16.4 Reserved Registers 


BANK 6 — INFRARED PHYSICAL LAYER CONFIGURATION REGISTERS 
7.17.1. Infrared Control Register 3 (IRCR3) 

7.17.2 Reserved Register 

7.17.3 SIR Pulse Width Register (SIR_PW) 

7.17.4 Link Control Register (LCR) and Bank Select Register (BSR) 
7.17.5 Reserved Registers 


BANK 7 — CONSUMER-IR AND OPTICAL TRANSCEIVER CONFIGURATION REGISTERS 184 
7.18.1 Infrared Receiver Demodulator Control Register (IRRXDC) 

7.18.2 Infrared Transmitter Modulator Control Register (IRTXMC) 

7.18.3 Consumer-IR Configuration Register (RCCFG), 

7.18.4 Link Control/Bank Select Registers (_CR/BSR) 

7.18.5 Infrared Interface Configuration Register 1 (IRCFG1) 

7.18.6 Reserved Register 

7.18.7 Infrared Interface Configuration 3 Register (IRCFG3) 

7.18.8 Infrared Interface Configuration Register 4 (IRCFG4) 


7.19  UART2 WITH IR REGISTER BITMAPS 


Enhanced Serial Port - UART1 (Logical Device 6) 


8.1 REGISTER BANK OVERVIEW 


8.2 DETAILED DESCRIPTION 
8.2.1 16450 or 16550 UART Mode 
8.2.2 Extended UART Mode 


FIFO TIME-OUTS 


AUTOMATIC FALLBACK TO A NON-EXTENDED UART MODE 
8.4.1 Transmission Deferral 


BANK 0 — GLOBAL CONTROL AND STATUS REGISTERS 

8.5.1 Receiver Data Port (RXD) or the Transmitter Data Port (TXD) 
8.5.2 — Interrupt Enable Register (IER) 

8.5.3 Event Identification Register (EIR) 

8.5.4 FIFO Control Register (FCR) 

8.5.5 Line Control Register (LCR) and Bank Selection Register (BSR) 
8.5.6 | Bank Selection Register (BSR) 

8.5.7 | Modem/Mode Control Register (MCR) 

8.5.8 Line Status Register (LSR) 

8.5.9 Modem Status Register (MSR) 

8.5.10 Scratchpad Register (SPR) 

8.5.11. Auxiliary Status and Control Register (ASCR) 


BANK 1 — THE LEGACY BAUD GENERATOR DIVISOR PORTS 
8.6.1 Legacy Baud Generator Divisor Ports (LBGD(L) and LBGD(H)), 
8.6.2 Line Control Register (LCR) and Bank Select Register (BSR) 


BANK 2 — EXTENDED CONTROL AND STATUS REGISTERS 
8.7.1 Baud Generator Divisor Ports, LSB (BGD(L)) and MSB (BGD(H)) 
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8.7.2 Extended Control Register 1 (EXCR1) 

8.7.3 Line Control Register (LCR) and Bank Select Register (BSR) 
8.7.4 Extended Control and Status Register 2 (EXCR2) 

8.7.5 Reserved Register 

8.7.6 | TX_FIFO Current Level Register (TXFLV) 

8.7.7. RX_FIFO Current Level Register (RXFLV) 


BANK 3 — MODULE REVISION ID AND SHADOW REGISTERS 
8.8.1 Module Revision ID Register (MRID) 

8.8.2 Shadow of Line Control Register (SH_LCR) 

8.8.3 Shadow of FIFO Control Register (SH_FCR) 

8.8.4 — Line Control Register (LCR) and Bank Select Register (BSR) 


8.9 UART1 REGISTER BITMAPS 


General Purpose Input and Output (GPIO) Ports (Logical Device 7) and Chip 
Select Output Signals 


9.1 GPIO PORT ACTIVATION 


9.2 GPIO CONTROL REGISTERS 
9.2.1. Special GPIO Signal Features 
9.2.2 Reading and Writing to GPIO Pins 
9.2.3 Multiplexed GPIO Signals 
9.2.4 Multiplexed GPIO Signal Selection 


9.3 PROGRAMMABLE CHIP SELECT OUTPUT SIGNALS 


Power Management (Logical Device 8) 


10.1 POWER MANAGEMENT OPTIONS 
10.1.1. Configuration Options 
10.1.2 WATCHDOG Feature 


POWER MANAGEMENT REGISTERS 

10.2.1 Power Management Index Register 

10.2.2 Power Management Data Register 

10.2.3 Function Enable Register 1 (FER1) 

10.2.4 Function Enable Register 2 (FER2) 

10.2.5 Power Management Control Register (PMC1) 

10.2.6 Power Management Control 2 Register (PMC2) 

10.2.7. Power Management Control 3 Register (PMC3) 

10.2.8 WATCHDOG Time-Out Register (WDTO) 

10.2.9 WATCHDOG Configuration Register (WDCF) 

10.2.10 WATCHDOG Status Register (WDST) 

10.2.11 PM1 Event Base Address Register (Bits 7-0) 

10.2.12 PM1 Event Base Address Register (Bits 15-8) 

10.2.13 PM Timer Base Address (Bits 7-0) 

10.2.14 PM Timer Base Address Register (Bits 15-8) 

10.2.15 PM1 Control Base Address Register (Bits 7-0) 

10.2.16 PM1 Control Base Address Register (Bits 15-8) 

10.2.17 General Purpose Status Base Address Register (Bits 7-0) 
10.2.18 General Purpose Status Base Address Register (Bits 15-8) 
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10.2.19 ACPI Support Register 
10.3 POWER MANAGEMENT REGISTER BITMAPS 


X-Bus Data Buffer 


The Internal Clock 

12.1. THE CLOCK SOURCE 

12.2 THE INTERNAL ON-CHIP CLOCK MULTIPLIER 
12.3 SPECIFICATIONS 

12.4 POWER-ON PROCEDURE WHEN CFGO = 0 


Interrupt and DMA Mapping 


13.1. IRQMAPPING 
13.2 DMA MAPPING 


Device Specifications 


14.1. GENERAL DC ELECTRICAL CHARACTERISTICS 
14.1.1. Recommended Operating Conditions 
14.1.2 Absolute Maximum Ratings 
14.1.3 Capacitance 
14.1.4 Power Consumption Under Recommended Operating Conditions 


14.2.1 
14.2.2 
14.2.3 
14.2.4 
14.2.5 
14.2.6 
14.2.7 
14.2.8 
14.2.9 
14.2.10 Group 10 
14.2.11 Group 11 
14.2.12 Group 12 
14.2.13 Group 13 
14.2.14 Group 14 
14.2.15 Group 15 
14.2.16 Group 16 
14.2.17 Group 17 
14.2.18 Group 18 
14.2.19 Group 19 
14.2.20 Group 20 
14.2.21 Group 21 
14.2.22 Group 22 
14.2.23 Group 23 
14.2.24 Group 24 
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14.2.25 Group 25 
14.2.26 Group 26 
14.2.27 Group 27 
14.2.28 Group 28 


14.3. AC ELECTRICAL CHARACTERISTICS 
14.3.1. AC Test Conditions TA = 0 °C to 70 °C, Vpp = 5.0 V 10% 
14.3.2 Clock Timing 
14.3.3. Microprocessor Interface Timing 
14.3.4 Baud Output Timing 
14.3.5 Transmitter Timing 
14.3.6 Receiver Timing 
14.3.7. UART, Sharp-IR, SIR and Consumer Remote Control Timing 
14.3.8 IRSLn Write Timing 
14.3.9 Modem Control Timing 
14.3.10 DMA Timing 
14.3.11 Reset Timing 
14.3.12 Write Data Timing 
14.3.13 Drive Control Timing 
14.3.14 Read Data Timing 
14.3.15 Parallel Port Timing 
14.3.16 Enhanced Parallel Port 1.7 Timing 
14.3.17 Enhanced Parallel Port 1.9 Timing 
14.3.18 Extended Capabilities Port (ECP) Timing 
14.3.19 GPIO Write Timing 
14.3.20 RTC Timing 
14.3.21 APC Timing 
14.3.22 Chip Select Timing 
LED Timing 


Glossary 
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Signal/Pin Connection and Description 


1.0 Signal/Pin Connection and Description 


1.1 CONNECTION DIAGRAM 


BUSY/WAIT 


P21 


<t 


= (ep (8 Ea 
Phe EB 
= ln la Sila 


STB/WRITE 
P16/GPI025 


[a 


GPIO24/IRRX1 
GPIO37/IRRX2/IRSLO/IDO 
IRSL1/ID1/XD7 
IRSL2/SELCS/GPIO21/XD6 
GPIO27/XD5 

GPIO26/XD4 

GPIO25/XD3 

GP1O24/XD2 

CS2/xXD1 
S1/XD0/CSOUT-NSC-Test 


XDRD/ID3 
RING/XDCS 


DTR1/BADDRO/BOUT1 
Rit 

RTS1/BADDR1 

SIN1 

SOUT1/CFGO 

Vss 


GpIosnCTRe PC8731 7VUL 


GPIO31/DCD2 
GPIO32/DSR2 
DTR2/CFG1/BOUT2 
GPIO33/RI2 
GPIO34/RTS2 
GPIO35/SIN2 
GPIO36/SOUT2 
GPIO10 

GPIO11 

GPIO12 

GPIO13 

GPIO14 
GPIO15/PME2 
GPIO16/PME1 
GP1IO17/WDO 
GPIO20/IRSL1/ID1 
GP1021/IRSLO/IRSL2/ID2 
GP1I022/POR 
GP1023/RING 


PlasticQuad Flatpack (PQFP), ElAJ 
Order Number PC87317VUL/PC97317VUL 
NS Package Number VUL160A 
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Signal/Pin Connection and Description 


1.2 SIGNAL/PIN DESCRIPTIONS 


TABLE 1-1 "Signal/Pin Description Table" lists the signals 
of the PC87317VUL in alphabetical order and shows the 
pin(s) associated with each. TABLE 1-2 "Multiplexed X-Bus 
Data Buffer (XDB) Pins" on page 25 lists the X-Bus Data 
Buffer (XDB) signals that are multiplexed and TABLE 1-6 
"Pins with a Strap Function During Reset" on page 26 lists 


The Module column indicates the functional module that is 
associated with these pins. In this column, the System label 
indicates internal functions that are common to more than 
one module. The I/O and Group # column describes wheth- 
er the pin is an input, output, or bidirectional pin (marked as 
Input, Output or I/O, respectively). 


the pins that have strap functions during reset. 
TABLE 1-1. Signal/Pin Description Table 


Signal/Pin 
Name 


Pin 
Number 


Module 


V/O and 
Group # 


Function 


A15-0 


29-26, 
23-12 


ISA-Bus 


Parallel Port 


Input 
Group 1 


Input 
Group 3 


ISA-Bus Address — A15-0 are used for address decoding on any 
access except DMA accesses, on condition that the AEN signal is 
low. 


See Section 2.2.2 on page 28. 
Acknowledge -— This input signal is pulsed low by the printer to 


indicate that it has received data from the parallel port. This pin is 
internally connected to a weak pull-up. 


Parallel Port 


/O 
Group 13 


Input 
Group 1 


Automatic Feed — When this signal is low the printer should 
automatically feed a line after printing each line. This pin is in TRI- 
STATE after a 0 is loaded into the corresponding control register bit. 
An external 4.7 KQ pull-up resistor should be attached to this pin. 


For Input mode see bit 5 in Section 6.5.16 on page 152. 


This signal is multiplexed with DSTRB. See TABLE 6-12 on page 160 
for more information. 


DMA Address Enable — This input signal disables function selection 
via A15-0 when it is high. Access during DMA transfer is not affected 
by this signal. 


Parallel Port 


Output 
Group 13 


Address Strobe (EPP) — This signal is used in EPP mode as an 
address strobe. It is active low. 

This signal is multiplexed with SLIN.See TABLE 6-12 on page 160 for 
more information. 


BADDR1,0 


Configuration 


Input 
Group 5 


Base Address Strap Pins 0 and 1 — These pins determine the base 
addresses of the Index and Data registers, the value of the Plug and 
Play ISA Serial Identifier and the configuration state immediately after 
reset. These pins are pulled down by internal 30 KQ resistors. 
External 10 KQ pull-up resistors to Vpp should be employed. 


BADDR1 is multiplexed with RTS1. 
BADDRO is multiplexed with DTR1 and BOUT1. 
See TABLE 2-2 on page 28 and Section 2.1 on page 27. 


BOUT2,1 


148, 138 


Output 
Group 17 


Baud Output — This multi-function pin provides the associated serial 
channel Baud Rate generator output signal if test mode is selected, 
i.e., bit 7 of the EXCR1 register is set. See “Bit 7 - Baud Generator 
Test (BTEST)” on page 180. 


After Master Reset this pin provides the SOUT function. 
BOUT2 is multiplexed with DTR2 and CFG1. 
BOUT1 is multiplexed with DTR1 and BADDRO. 


Parallel Port 


Busy -— This pin is set to high by the printer when it cannot accept 
another character. It is internally connected to a weak pull-down 
resistor. 

This signal is multiplexed with WAIT. See TABLE 6-12 on page 160 for 
more information. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Pin 
Number 


Module 


/O and 
Group # 


Function 


CFG1-0 


144, 138 


Configuration 


Input 
Group 5 


Configuration Strap Pins 1-0 — These pins determine the default 
configuration upon power up. These pins are pulled down by internal 
30 KQ resistors. Use external 10 KQ pull-up resistors to Vpp. 


CFG1 is multiplexed with DTR2 and BOUT2. CFGO is multiplexed with 
SOUT1. See Table 2-2 on page 28. 


General 
Purpose 


General 
Purpose 


Programmable Chip Select — CSO, CS1 and CS2 are programmable 
chip select and/or latch enable and/or output enable signals that have 
many uses, for example, as game ports or for I/O port expansion. 


The decoded address and the assertion conditions are configured via 
the chip configuration registers. See Section 2.3 on page 29. 

CSO is multiplexed with LED on pin 68 and with P12 on pin 106. On 
pin 68 is an open-drain output that is in TRI-STATE unless Vpp is 
applied. 

CS1 is multiplexed with CSOUT-NSC-Test/XDO. 

CS2 is multiplexed with XD1. 


NSC-use 


Output 
Group 21 


Chip Select Read Output, NSC-Test — National Semiconductor test 
output. This is an open-drain output signal. 


This signal is multiplexed with CS1 and XDO. 


141, 131 


UART1, 
UART2 


Input 
Group 1 


UART1 and UART2 Clear to Send — When low, these signals indicate 
that the modem or other data transfer device is ready to exchange data. 


CTS2 is multiplexed with GPIO30. 


ISA-Bus 


/O 
Group 8 


ISA-Bus Data — Bidirectional data lines to the microprocessor. DO is 
the LSB and D7 is the MSB. These signals have 24 mA (sink) 
buffered outputs. 


Input 
Group 1 


DMA Acknowledge 0,1,2 and 3 — These active low input signals 
acknowledge a request for DMA services and enable the IOWR and 
IORD input signals during a DMA transfer. These DMA signals can be 
mapped to the following logical devices: FDC, UART1, UART2 or 
parallel port. 


142, 132 


Input 
Group 1 


UART1 and UART2 Data Carrier Detected — When low, this signal 
indicates that the modem or other data transfer device has detected 
the data carrier. 


DCD2 is multiplexed with GPIO31 


Output 
Group 16 


Density Select — Indicates that a high FDC density data rate (500 
Kbps or 1 Mbps) or a low density data rate (250 or 300 Kbps) is 
selected. 

DENSELs polarity is controlled by bit 5 of the Superl/O FDC 
Configuration register as described in Section 2.6.1 on page 40. 


Output 
Group 16 


Direction — This output signal determines the direction of the Floppy 
Disk Drive (FDD) head movement (active = step in, inactive = step 
out) during a seek operation. During reads or writes, DIR is inactive. 


Output 
Group 16 


Drive Select 0 and 1 — These active low output signals are the 
decoded drive select output signals. DRO and DR? are controlled by 
Digital Output Register (DOR) bits 0 and 1. They are encoded with 
information to control four FDDs when bit 7 of the Superl/O FDC 
Configuration register is 1, as described in Section 2.6.1. 


See MTRO,1 for more information. 


Output 
Group 20 


Data Rate 0 — This output signal reflects the value of bit 0 of the 
Configuration Control Register (CCR) or the Data Rate Select Register 
(DSR), whichever was written to last. Output from the pin is totem-pole 
buffered (6 mA sink, 6 mA source). 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Module 


/O and 
Group # 


Function 


DRQ3-0 


ISA-Bus 


Output 
Group 18 


DMA Request 0, 1, 2 and 3 — These active high output signals inform 
the DMA controller that a data transfer is needed. These DMA signals 
can be mapped to the following logical devices: Floppy Disk Controller 
(FDC), UART1, UART2 or parallel port. 


DSKCHG 


Input 
Group 1 


Disk Change -— This input signal indicates whether or not the drive 
door has been opened. The state of this pin is available from the 
Digital Input Register (DIR). This pin can also be configured as the 
RGATE data separator diagnostic input signal via the MODE 
command. See the MODE command in Section 5.7.7. 


Parallel Port 


Input 
Group 1 


Output 
Group 13 


Data Set Ready — When low, this signal indicates that the data 
transfer device, e.g., modem, is ready to establish a communications 
link. 


DSR2 is multiplexed with GPIO32. 
Data Strobe — This signal is used in EPP mode as a data strobe. It 
is active low. 


DSTRB is multiplexed with AFD. See TABLE 6-12 for more 
information. 


Output 
Group 17 


Data Terminal Ready — When low, this output signal indicates to the 
modem or other data transfer device that the UART1 or UART2 is 
ready to establish a communications link. 


A Master Reset (MR) deactivates this signal high, and loopback 
operation holds this signal inactive. 


DTR2 is multiplexed with CFG1 and BOUT2. 
DTR1 is multiplexed with BADDRO and BOUT1. 


Parallel Port 


Input 
Group 3 


Error — This input signal is set active low by the printer when it has 
detected an error. This pin is internally connected to a weak pull-up. 


GPIO17-15 
GPIO14 
GP1IO13,12 
GPIO11 
GPIO10 


156-154 
153 
152,151 
150 
149 


General 
Purpose 


/O 
Group 10 
Group 25 
Group 10 
Group 24 
Group 10 


General Purpose I/O Signals 17-10 — General purpose |/O signals of 
I/O Port 1. 


GPIO17 is multiplexed with WDO. 
GPIO16 is multiplexed with PME1. 
GPIO15 is multiplexed with PME2. 


GP1027,26 
GP1IO25 
GP1O24 
GP1023,22 
GPIO21 
GPIO20 


76,75, 

74 or 107, 
73 or 80, 
160-159, 
158 or 77 
157. 


General 
Purpose 


/O 
Group 10 
Group 25 
Group 10 
Group 10 
Group 10 
Group 10 


General Purpose I/O Signals 27-20 — General purpose I/O port 2 
signals. 


GP1027-26 are multiplexed with XD5-4, respectively. 

GP1025 is multiplexed with XD3 on pin 74 and with P16 on pin107. 
GP1024 is multiplexed with XD2 on pin 73 and with IRRX1 on pin 80. 
GP1IO23 is multiplexed with RING. 

GPIO22 is multiplexed with POR. 


GP1021 is multiplexed on pin 158 with IRSL2, IRSLO and ID2 and on pin 
77 with IRSL2, SELCS and XD6. See Bits 4,3 - GPIO21, IRSL2/ID2 on 
IRSLO Pin Select in Section 2.4.4. 


GPIO20 is multiplexed with IRSL1 and ID1. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Pin 
Number 


Module 


/O and 
Group # 


Function 


GPIO37-30 


79, 
148-145, 
143-141 


General 
Purpose 


/O 
Group 10 


General Purpose I/O Signals 37-30 — General purpose I/O port 3 
signals. 


GPIO37 is multiplexed with IRRX2, IRSLO and IDO. 
GPIO36 is multiplexed with SOUT2. 

GPIO35 is multiplexed with SIN2. 

GPIO34 is multiplexed with RTS2. 

GPIO33 is multiplexed with RI2. 

GPIO32 is multiplexed with DSR2. 

GPIO31 is multiplexed with DCD2. 

GPIO30 is multiplexed with CTS2. 


92 


Output 
Group 16 


Head Select — This output signal determines which side of the FDD 
is accessed. Active low selects side 1, inactive selects side 0. 


70, 158, 
78 or 157, 
79 


Input 
Group 1 


Identification — These ID signals identify the infrared transceiver for 
Plug and Play support. These pins are read after reset. 


ID3 is multiplexed with XDRD. 


ID2 is multiplexed with GPIO21, IRSL2 and IRSLO. ID1 is multiplexed 
on pin 78 with IRS L1 and XD7 or pin 78, or on pin 157 with GPIO20 
and IRSL1. 


IDO is multiplexed with GPIO37,IRRX2 and IRSLO. 
See TABLE 1-2 for more information. 


FDC 


Input 
Group 1 


Index — This input signal indicates the beginning of an FDD track. 


Parallel Port 


/O 
Group 13 


Initialize — When this signal is active low, it causes the printer to be 
initialized. This signal is in TRI-STATE after a 1 is loaded into the 
corresponding control register bit. 


For Input mode see bit 5 in Section 6.5.16. 
An external 4.7 KQ pull-up resistor should be employed. 


IOCHRDY 


ISA-Bus 


Output 
Group 22 


1/O Channel Ready -— This is the I/O channel ready open drain output 
signal. When IOCHRDY is driven low, the EPP extends the host cycle. 


IRQ1 
IRQ5-3 
IRQ12-6 
IRQ15,14 


IRRX2,1 


ISA-Bus 


/O 
Group 15 


Interrupt Requests 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14 and 15 —- IRQ 
polarity and push-pull or open-drain output selection is software 
configurable by the logical device mapped to the IRQ line. 


Keyboard Controller (KBC) or Mouse interrupts can be configured by 
the Interrupt Request Type Select 0 register (index 71h) as either 
edge or level. 


The internal SCI'signal may be routed to these pins. 


Infrared Reception 1 and 2 — Infrared serial input data. IRRX1 
and/or IRRX2 may be routed to POR or ONCTL. The pins are 
powered by Vcocu. 


IRRX1 is multiplexed with GPIO24. 
IRRX2 is multiplexed with GPIO37,IRSLO and IDO. 


79 or 158 
78 or 157 
77 or 158 


Output 


Pins: 
77, 78,79 
Group 17 


Pins: 
157, 158 
Group 10 


Infrared Control Signals 0, 1 and 2 — These signals control the 
Infrared analog front end. The pins on which these signals are driven 
is determined by the Superl/O Configuration 2 register (index 22h). 
See TABLE 1-2 for more information. 

IRSLO is multiplexed on pin 79 with GPIO37, IRRX2 and IDO, or on 
pin 158 with GPIO21, IRSL2 and ID2. 

IRSL1 is multiplexed on pin 78 with XD7 and ID1, or on pin 157 with 
GP1I020 and ID1. 


IRSL2 is multiplexed on pin 77 with XD6, SELCS and GP1I021, or on 
pin 158 with GPIO21, IRSLO and ID2. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Module 


/O and 
Group # 


Function 


IRTX 


UART2 


Output 
Group 19 


Infrared Transmit — Infrared serial output data. 


KBCLK 


KBC 


/O 
Group 11 


Keyboard Clock — This I/O pin transfers the keyboard clock between 


the Superl/O chip and the external keyboard using the PS/2 protocol. 


When the KBC (logical device 0) is disabled, this signal can be placed 
in TRI-STATE. 


This pin is connected internally to the internal TO signal of the KBC. 


/O 
Group 11 


Keyboard Data — This |/O pin transfers the keyboard data between 


the Superl/O chip and the external keyboard using the PS/2 protocol. 


When the KBC (logical device 0) is disabled, this signal can be placed 
in TRI-STATE. 


This pin is connected internally to KBC’s P10. 


OUTPUT 
Group 26 


LED Control - Drives an externally connected LED, according to the 
user selection (on, off or a 1 Hz blink). This open-drain output is 
powered by Vccu, it is multiplexed with CSO and can sink 16 mA. 


/O 
Group 11 


Mouse Clock -— This I/O pin transfers the mouse clock between the 
Superl/O chip and the external keyboard using the PS/2 protocol. 


When the KBC (logical device 0) is disabled, this signal can be placed 
in TRI-STATE. 


This pin is connected internally to KBC’s T1. 


/O 
Group 11 


Mouse Data — This I/O pin transfers the mouse data between the 
Superl/O chip and the external keyboard using the PS/2 protocol. 


When the KBC (logical device 0) is disabled, this signal can be placed 
in TRI-STATE. 


This pin is connected internally to KBC’s P11. 


ISA-Bus 


Master Reset — An active high MR input signal resets the controller 
to the idle state, and resets all disk interface output signals to their 
inactive states. MR also clears the DOR, DSR and CCR registers, 
and resets the MODE command, CONFIGURE command, and LOCK 
command parameters to their default values. MR does not affect the 
SPECIFY command parameters. MR sets the configuration registers 
to their selected default values. 


Input 
Group 4 


Media Sense — These input pins are used for media sensing when bit 
6 of the Superl/O FDC Configuration register (at index FOh) is 1. See 
TABLE 1-2 for more information. 


Each pin has a 40 KQ internal pull-up resistor. 


Output 
Group 16 


Motor Select 1,0 — These motor enable lines for drives 0 and 1 are 
controlled by bits D7-4 of the Digital Output Register (DOR). They are 
output signals that are active when they are low. They are encoded with 
information to control four FDDs when bit 7 of the Superl/O FDC 
Configuration register is set See TABLE 1-2 for more information. See 
DR1,0. 


Output 
Group 23 


On/Off Control for the RTC’s Advanced Power Control (APC) — 
This signal indicates to the main power supply to turn on power. 
ONCTL is an open-drain output signal that is powered by Vocu. 


/O 
Group 12 


/O Port — KBC quasi-bidirectional port for general purpose input and 
output. 


P12 may be routed internally (via APC) to POR and/or SCI". 
P12 is multiplexed with CSO. 
P16 is multiplexed with GPIO25. 


/O 
Group 12 


/O Port — KBC open-drain signals for general purpose input and 
output. These signals are controlled by KBC firmware. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Pin 
Number 


Module 


1/O and 
Group # 


Function 


PD7-0 


129-122 


Parallel Port 


/O 
Group 14 


Parallel Port Data — These bidirectional signals transfer data to and 
from the peripheral data bus and the appropriate parallel port data 
register. These signals have a high current drive capability. See 
Section 14.1 on page 232. 


Parallel Port 


Input 
Group 2 
Group 3 


Paper End — This input signal is set high by the printer when it is out 
of paper. This pin has an internal weak pull-up or pull-down resistor. 


154,155 


Input 
Group 28 


Power Management Event 1 and 2 - These signals indicate that a 
power Management Event has occurred. They may be routed to POR, 
SCI’ or ONCTL. Event characteristics (low/high, rise/fall) are software 
configurable. The pins are powered by Vccy. 


PME1 is multiplexed with GPIO16. 
PME2 is multiplexed with GPIO15. 


Output 
Group 21 


Power Off Request — This signal is activated by various events, 
including the APC Switch Off event (regardless of the fail-safe delay). 
Selection of edge or level for POR is via the APCR1 register of the 
APC. Selection of an output buffer is via GPIO22 output buffer control 
bits (in the Port 2 Output Type and Port 2 Pull-up Control registers 
described in TABLE 9-2). See Section 4.3. 


This signal is multiplexed with GPIO22 


ISA-Bus 


V/O Read — An active low RD input signal indicates that the 
microprocessor has read data. 


FDC 


Read Data — This input signal holds raw serial data read from the 
Floppy Disk Drive (FDD). 


UART1, APC 


Ring Indicators (Modem) — When low, this signal indicates that a 
telephone ring signal has been received by the modem. 

When enabled, a high to low transition on RI1 or RI2 activates the 
ONCTL pin. The RI1 and RI2 pins have schmitt-trigger input buffers. 
RI2 is multiplexed with GPIO33. 


69 or 160 


Ring Indicator (APC) — Detection of an active low RING pulse or 
pulse train activates the ONCTL signal. The APC’s APCR2 register 
determines which pin the RING signal uses. The pins have a schmitt- 
trigger input buffer. 


RING is multiplexed on pin 69 with XDCS and on pin 160 with 
GP1023. 


146, 136 


Output 
Group 17 


Request to Send — When low, these output signals indicate to the 

modem or other data transfer device that the corresponding UART1 

or UART2 is ready to exchange data. 

A Master Reset (MR) sets RTS to inactive high. Loopback operation 
holds it inactive. 


RTS2 is multiplexed with GPIO34. RTS1 is multiplexed with BADDR1. 


Configuration 


Select CSOUT — During reset, this signal is sampled into bit 1 of the 
Superl/O Configuration 1 register (index 21h). 

A 40 KQ internal pull-up resistor (or a 10 KQ external pull-down 
resistor for National Semiconductor testing) controls this pin during 
reset. Do not pull this signal low during reset. 


This signal is multiplexed with GPIO21, IRSL2 and XD6. 


Serial Input — This input signal receives composite serial data from 
the communications link (peripheral device, modem or other data 
transfer device.) 

SIN2 is multiplexed with GPIO35. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Module 


/O and 
Group # 


Function 


Parallel Port 


Input 
Group 2 


Select — This input signal is set active high by the printer when the 
printer is selected. This pin is internally connected to a nominal 25 KQ 
pull-down resistor. 


SOUT2,1 


148, 138 


Parallel Port 


/O 
Group 13 


Output 
Group 17 


Select Input — When this signal is active low it selects the printer. 
This signal is in TRI-STATE after a 0 is loaded into the corresponding 
control register bit. Use an external 4.7 KQ pull-up resistor. 


For Input mode see bit 5, described in Section 6.5.16. 
This signal is multiplexed with ASTRB. 


Serial Output — This output signal sends composite serial data to the 
communications link (peripheral device, modem or other data transfer 
device). 


The SOUT2,1 signals are set active high after a Master Reset (MR). 
SOUT2 is multiplexed with GPIO36. 
SOUT1 is multiplexed with CFGO. 


Parallel Port 


/O 
Group 13 


Data Strobe — This output signal indicates to the printer that valid 
data is available at the printer port. 


This signal is in TRI-STATE after a 0 is loaded into the corresponding 
control register bit. 


An external 4.7 KQ pull-up resistor should be employed. 
For Input mode see bit 5, described in Section 6.5.16. 
This signal is multiplexed with WRITE. 


Output 
Group 16 


Step — This output signal issues pulses to the disk drive at a software 
programmable rate to move the head during a seek operation. 


Input 
Group 7 


Switch On/Off — A physical momentary switch attached to this pin 
indicates a user request (to the APC) to switch the power on or off. 
(See “The SWITCH Input Signal” on page 67). 


The pin has an internal pull-up of 1 MQ (nominal), a schmitt-trigger 
input buffer and debounce protection of at least 16 msec. 


ISA-Bus 


DMA Terminal Count — The DMA controller issues TC to indicate the 
termination of a DMA transfer. TC is accepted only when a DACK 
signal is active. 


TC is active high in PC-AT mode, and active low in PS/2 mode. 


Track 0 — This input signal indicates to the controller that the head of 
the selected floppy disk drive is at track 0. 


Battery Power Supply — Power signal from the battery to the Real- 
Time Clock (RTC) or for Advanced Power Control (APC) when Vocy 


is less than Vpar (by at least 0.5V). Vpaz includes a UL protection 
resistor. 


65 


RTC and 
APC 


Voc Help Power Supply — This signal provides power to the RTC or 
APC when Vccu is higher than Vgar (by at least 0.5V). 


1, 24, 61, 
100, 121, 
140 


Power 
Supply 


Main 5 V Power Supply -— This signal is the 5 V supply voltage for 
the digital circuitry. 


2, 11, 25, 
40, 60, 

101, 120, 
130, 139 


Power 
Supply 


Ground -— This signal provides the ground for the digital circuitry. 


111 


Parallel Port 


Wait — In EPP mode, the parallel port device uses this signal to 
extend its access cycle. WAIT is active low. This signal is multiplexed 
with BUSY. See TABLE 6-12 on page 160 for more information. 
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Signal/Pin Connection and Description 


Signal/Pin 
Name 


Module 


/O and 
Group # 


Function 


WDATA 


FDC 


Output 
Group 16 


Write Data (FDC) — This output signal holds the write 
precompensated serial data that is written to the selected floppy disk 
drive. Precompensation is software selectable. 


Power Man- 
agement 


Output 
Group 10 


WATCHDOG Out - This output pin becomes low when a 
WATCHDOG time-out occurs. See Section 10.1.2 on page 218.This 
pin is configured by bit 6 of the Superl/O Configuration Register 2. 


This signal is multiplexed with GPIO17. 


Output 
Group 16 


Write Gate (FDC) — This output signal enables the write circuitry of 
the selected disk drive. WGATE is designed to prevent glitches during 
power up and power down. This prevents writing to the disk when 
power is cycled. 


FDC 


Input 
Group 1 


Write Protected — This input signal indicates that the disk in the 
selected drive is write protected. 


ISA-Bus 


Input 
Group 1 


/O Write — WR is an active low input signal that indicates a write 
operation from the microprocessor to the controller. 


Parallel Port 


Output 
Group 23 


Write Strobe — In EPP mode, this active low signal is a write strobe. 


This signal is multiplexed with STB. See TABLE 6-12 for more 
information. 


Input 
Group 6 


Clock In — A TTL or CMOS compatible 14.31818MHz, 24 MHz or 48 
MHz clock. When this pin is fed by the 14.31818MHz clock, the chip 
must be configured to work with the on-chip clock multiplier.See 
Chapter 12 on page 230. 


Input 


Crystal 1 Slow — Input signal to the internal Real-Time Clock (RTC) 
crystal oscillator amplifier. Clock source is set by CFGO during reset. 


Output 


Crystal 2 Slow — Output signal from the internal Real-Time Clock 
(RTC) crystal oscillator amplifier. 


/O 
Group 9 


/O 
Group 10 


X-Bus Data — These bidirectional signals hold the data in the X Data 
Buffer (XDB). 


XD7 is multiplexed with IRSL1 and ID1. 

XD6 is multiplexed with IRSL2, SELCS and GPI021. 
XD5-2 are multiplexed with GPIO27-24, respectively. 
XD1 is multiplexed with CS2. 

XDO is multiplexed with CS1/CSOUT-NSC-Test 

See TABLE 1-2 on page 25. 


Input 
Group 7 


X-Bus Data Buffer (XDB) Chip Select — This signal enables and 
disables the bidirectional XD7-0 data buffer signals. 


This signal is multiplexed with RING. 


ISA-Bus 


Input 
Group 1 


Output 
Group 22 


X-Bus Data Buffer (XDB) Read Command - This signal controls the 
direction of the bidirectional XD7-0 data buffer signals. 


This signal is multiplexed with ID3. 


Zero Wait State — When this open-drain output signal is activated 
(driven low), it indicates that the access time can be shortened, i.e., 
zero wait states. 


ZWS is never activated (driven low) on access to Superl/O chip 
configuration registers (including during the Isolation state) or on 
access to the parallel port in SPP or EPP 1.9 mode. 

ZWS is always activated (driven low) on access to the parallel port in 
ECP mode. 


1. SCl is an internal signal used to send ACPI-relevant notifications to the host operating system. 
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Signal/Pin Connection and Description 


TABLE 1-2. Multiplexed X-Bus Data Buffer (XDB) Pins 


X-Bus Data Buffer (XDB)! 
Bit 4 of Superl/O Configuration 
Register 1 = 1 


Alternate Function? 
Bit 4 of Superl/O Configuration 1 
Register = 0 


fe) 


XDCS 


RING 


Input 


XDRD 


ID3 


XDO 


$1/CSOUT-NSC-Test 


Output 


XD2 


CcS2 
GPIO24 


Output 
/O 


XD3 


GPIO25 


ie) 


XD4 


GPIO26 


/O 


XD5 


GPIO27 


Ne) 


XD6/SELCS 


GP1IO021/IRSL2/SELCS 


Ne) 


XD7 


IRSL1/ID4 


1. Unselected (XDB or alternate function) input signals are internally blocked high. 


TABLE 1-3. UART2/GPIO Port 3 Pin Designation 


Output 


UART2 


Bit 3 of Superl/O Configuration 
Register 1 = 1 


VO 


General Purpose I/O port 3 


Bit 3 of Superl/O Configuration 
Register 1 = 0 


Input 


GPIO30 


Input 
Input 


GPIO31 
GPIO32 


Output 


GPIO34 


Input 


GPIO35 


Output 


GPIO36 


TABLE 1-4. APC/Power Management or GPIO/Chip Select Pin Designation 


APC, Power Management 


Ie) 


General Purpose I/O, Chip Select 


VO 


Input 


GPIO15 


1/0 


Input 


GPIO16 


/O 


Output 


GPIO17 


/O 


Output 


GPIO22 


/O 


Input 
Output 


GP1O23 


CSO 


/O 
Output 
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Signal/Pin Connection and Description 


TABLE 1-5. Infrared/KBC or GPIO/Chip-Select Pin Designation 


Infrared, KBC, UART2 


VO 


General Purpose I/O, Chip Select 


Ie) 


IRSLA/ID1 


/O 


GPIO20 


/O 


IRSL2/IRSLO/ID2 


/O 


GPIO21 


/O 


IRRX1 
P16 


Input 
1/0 


GPIO24 
GPIO25 


/O 
/O 


RI2 


Input 


GPIO33 


/O 


IRRX2/IRSLO/IDO 


/O 


GPIO37 


1/0 


P12 


/O 


CSO 


Output 


TABLE 1-6. Pins with a Strap Function During Reset 


Strap Function Pin No. 


Symbols 


BADDR1,0 


134 


DTR1/BADDRO/BOUT 1 


136 


RTS1/BADDR1 


CFG1,0 


138 


SOUT1/CFGO 


144 


DTR2/CFG1 
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Configuration 


2.0 Configuration 


The PC87317VUL is partially configured by hardware, dur- 
ing reset. The configuration can also be changed by soft- 
ware, by changing the values of the configuration registers. 


The configuration registers are accessed using an Index 
register and a Data register. During reset, hardware strap- 
ping options define the addresses of the configuration reg- 
isters. See Section 2.1.2 "The Index and Data Register 
Pair". 

After the Index and Data register pair have determined the 
addresses of the configuration registers, the addresses of 
the Index and Data registers can be changed within the ISA 
I/O address space, and a 16-bit programmable register con- 
trols references to their addresses and to the addresses of 
the other registers. 


This chapter describes the hardware and software configu- 
ration processes. For each, it describes configuration of the 
Index and Data register pair first. See Sections 2.1 "HARD- 
WARE CONFIGURATION" and 2.2 "SOFTWARE CON- 
FIGURATION" on page 28. 


Section 2.3 "THE CONFIGURATION REGISTERS" on 
page 29 presents an overview of the configuration registers 
of the PC87317VUL and describes each in detail. 


2.1 HARDWARE CONFIGURATION 


The PC87317VUL supports two Plug and Play (PnP) con- 
figuration modes that determine the status of register ad- 
dresses upon wake up from a hardware reset, Full Plug and 
Play ISA mode and Plug and Play Motherboard mode. 


2.1.1 


During reset, strapping options on the BADDRO and 
BADDR1 pins determine one of the following modes. 


Wake Up Options 


® Full Plug and Play ISA mode — System wakes up in 
Wait for Key state. 
Index and Data register addresses are as defined by Mi- 
crosoft and Intel in the “Plug and Play ISA Specification, 
Version 1.0a, May 5, 1994.” 


Plug and Play Motherboard mode — system wakes up 
in Config state. 


The BIOS configures the PC87317VUL. Index and Data 
register addresses are different from the addresses of 
the Plug and Play (PnP) Index and Data registers. Con- 
figuration registers can be accessed as if the serial iso- 
lation procedure had already been done, and the 
PC87317VUL is selected. 


The BIOS may switch the addresses of the Index and 
Data registers to the PnP ISA addresses of the Index 
and Data registers, by using software to modify the base 
address bits, as shown in Section 2.4.4 "Superl/O Con- 
figuration 2 Register (SIOC2)" on page 38. 


2.1.2 


During reset, a hardware strapping option on the BADDRO 
and BADDR?1 pins defines an address for the Index and 
Data Register pair. This prevents contention between the 
registers for I/O address space. 


TABLE 2-1 "Base Addresses" shows the base addresses 
for the Index and Data registers that hardware sets for each 
combination of values of the Base Address strap pins 
(BADDRO and BADDR1). You can access and change the 
content of the configuration registers at any time, as long as 
the base addresses of the Index and Data registers are de- 
fined. 


When BADDR71 is low (0), the Plug and Play (PnP) protocol 
defines the addresses of the Index and Data register, and 
the system wakes up from reset in the Wait for Key state. 


When BADDR1 is high (1), the addresses of the Index and 
Data register are according to TABLE 2-1 "Base Address- 
es", and the system wakes up from reset in the Config state. 


This configures the PC87317VUL with default values, auto- 
matically, without software intervention. After reset, use 
software as described in Section 2.2 "SOFTWARE CON- 
FIGURATION" on page 28 to modify the selected base ad- 
dress of the Index and Data register pair, and the defaults 
for configuration registers. 


The Index and Data Register Pair 


The Plug and Play soft reset has no effect on the logical de- 
vices, except for the effect of the Activate registers (index 
30h) in each logical device. 


The PC87317VUL can wake up with the FDC, the KBC and 
the RTC either active (enabled) or inactive (disabled). The 
other logical devices and the internal on-chip clock multipli- 
er wake up inactive (disabled). 


TABLE 2-1. Base Addresses 


Address 


BADDR1 BADDRO 


Index Register 


Data Register 


Configuration Type 


0279h 
Write Only 


015Ch Read/Write 


002Eh Read/Write 


Write: OA79h 
Read: RD_DATA Port 


015Dh Read/Write 


002Fh Read/Write 
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Full PnP ISA Mode 
Wake up in Wait for Key state 


PnP Motherboard Mode 
Wake up in Config state 


PnP Motherboard Mode 
Wake up in Config state 
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Configuration 


2.1.3 The Strap Pins 


TABLE 2-2. The Strap Pins 


Reset Configuration 


Affected 


: FDC, KBC and RTC wake up inactive, clock source is 32.768 KHz 
with on-chip clock multiplier disabled. 
: FDC, KBC and RTC wake up active, clock source is 48 MHz fed 
via X1 pin. 


Bit O of Activate registers (index 
30h) of logical devices 0, 2 and 3 
and bit 0 of PMC2 register of Power 
Management (logical device 8). 


CFG1'!  [0: 
1: X-Bus Data Buffer (XDB) enabled. 


No X-Bus Data Buffer. (See XDB pins multiplexing in TABLE 1-2.)/Bit 4 of Superl/O Configuration 1 


(SIOC1) register (index 21h). 


BADDR1,0 
01: 
10: 


00: Full PnP ISA, Wake in Wait For Key state. Index PnP ISA. 
Full PnP ISA, Wake in Wait For Key state. Index PnP ISA. 
PnP Motherboard, Wake in Config state. Index 015Ch. 
11: PnP Motherboard, Wake in Config state. Index 002Eh. 


Bits 1 and 0 of Superl/O 
Configuration 2 (SIOC2) register 
(index 22h) 


SELCS2 |0: CSOUT-NSC-test on pin 71. 


1: CS1 or XDO on pin 71 (according to CFG1). 


Bit 1 of Superl/O Configuration 1 
(SIOC1) register (index 21h). 


1. SELCS = 0 and CFG1 =1 is an illegal strap option. 


2.2 SOFTWARE CONFIGURATION 


2.2.1 


Only two system I/O addresses are required to access any 
of the configuration registers. The Index and Data register 
pair is used to access registers for all read and write opera- 
tions. 


Accessing the Configuration Registers 


In a write operation, the target configuration register is iden- 
tified, based on a value that is loaded into the Index register. 
Then, the data to be written into the configuration register is 
transferred via the Data register. 


Similarly, for a read operation, first the source configuration 
register is identified, based on a value that is loaded into the 
Index register. Then, the data to be read is transferred via 
the Data register. 


Reading the Index register returns the last value loaded into 
the Index register. Reading the Data register returns the 
data in the configuration register pointed to by the Index 
register. 


If, during reset, the Base Address 1 (BADDR’1) signal is low 
(0), the Index and Data registers are not accessible imme- 
diately after reset. As a result, all configuration registers of 
the PC87317VUL are also not accessible at this time. To 
access these registers, you must apply the Plug and Play 
(PnP) ISA protocol. 


If during reset, the Base Address 1 (BADDR’1) signal is high 
(1), all configuration registers are accessible immediately 
after reset. 


It is up to the configuration software to guarantee no con- 
flicts between the registers of the active (enabled) logical 
devices, between IRQ signals and between DMA channels. 
If conflicts of this type occur, the results are unpredictable. 


To maintain compatibility with other Superl/O’s, the value of 
reserved bits may not be altered. Use read-modify-write. 
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2.2.2 


In full Plug and Play mode, the addresses of the Index and 
Data registers that access the configuration registers are 
decoded using pins A11-0, according to the ISA Plug and 
Play specification. 


In Plug and Play Motherboard mode, the addresses of the 
Index and Data registers that access the configuration reg- 
isters are decoded using pins A15-1. Pin AO distinguishes 
between these two registers. 


Address Decoding 


KBC and mouse register addresses are decoded using pins 
A1,0 and A15-3. Pin A2 distinguishes between the device 
registers. 

RTC/APC and Power Management (PM) register address- 
es are decoded using pins A15-1. 

FDC, UART, and GPIO register addresses are decoded us- 
ing pins A15-3. 

Parallel Port (PP) modes determine which pins are used for 
register addresses. In SPP mode, 14 pins are used to de- 
code Parallel Port (PP) base addresses. In ECP and EPP 
modes, 13 address pins are used. TABLE 2-3 "Address 
Pins Used for Parallel Port" shows which address pins are 
used in each mode. 


TABLE 2-3. Address Pins Used for Parallel Port 


Pins Used to 
Decode Base 
Address 


Pins Used to 
Distinguish Registers 


A15-2 
A9-2 and A15-11 
A15-3 


A1,0 
A1,0 and A10 
A2-0 


Configuration 


TABLE 2-4. Parallel Port Address Range Allocation 


7 6 


Superl/O Parallel Port 
Parallel Port Mode Configuration Register Bits 


Decoded Range ' 


SPP 
EPP (Non ECP Mode 4) 


Three registers, from base to base + 02h 


Eight registers, from base to base + 07h 


ECP, No Mode 4, 
No Internal Configuration 


ECP with Mode 4, 
No Internal Configuration 


Six registers, from base to base + 02h and 
from base + 400h to base + 402h 


11 registers, from base to base + 07h and 
from base + 400h to base + 402h 


ECP with Mode 4, 
Configuration within Parallel Port 


16 registers, from base to base + 07h and 
from base + 400h to base + 407h 


1. The Superl/O processor does not decode the Parallel Port outside this range. 


2.3. THE CONFIGURATION REGISTERS 


The configuration registers control the setup of the 
PC87317VUL. Their major functions are to: 


® Identify the chip 


® Enable major functions (such as, the Keyboard Control- 
ler (KBC) for the keyboard and the mouse, the Real- 
Time Clock (RTC), including Advanced Power Control 
(APC), the Floppy Disc Controller (FDC), UARTs, paral- 
lel and general purpose ports, power management and 
pin functionality) 


® Define the I/O addresses of these functions 


® Define the status of these functions upon reset 


Section 2.3.2 "Configuration Register Summary" on page 
33 summarizes information for each register of each func- 
tion. In addition, the following non-standard, or card control, 
registers are described in detail, in Section 2.4 "CARD 
CONTROL REGISTERS" on page 37. 
® The Card Control Registers 
— SID Register 
— SRID Register (only in the PC97317). 
Superl/O Configuration 1 Register (SIOC1) 
Superl/O Configuration 2 Register (SIOC2) 
Programmable Chip Select Configuration Index 
Register 
Programmable Chip Select Configuration Data Reg- 
ister 


® KBC Configuration Register (Logical Device 0) 
— Superl/O KBC Configuration Register 


FDC Configuration Registers (Logical Device 3) 
— Superl/O FDC Configuration Register 
— Drive ID Register 


Parallel Port Configuration Register (Logical Device 4) 
— Superl/O Parallel Port Configuration Register 


UART2 and Infrared Configuration Register (Logical 
Device 5) 


— Superl/O UART2 Configuration Register 


UART1 Configuration Register (Logical Device 6) 
— Superl/O UART1 Configuration Register 


Programmable Chip Select Configuration Registers 


29 


SO Base Address MSB Register 
SO Base Address LSB Register 
SO Configuration Register 
S1 Base Address MSB Register 
S1 Base Address LSB Register 
$1 Configuration Register 
S2 Base Address MSB Register 
S2 Base Address LSB Register 
S2 Configuration Register 
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2.3.1 


Standard Plug and Play (PnP) Register Definitions 
TABLES 2-5 through 2-10 describe the standard Plug and 


Configuration 


registers, refer the “Plug and Play ISA Specification, Ver- 
sion 1.0a, May 5, 1994”. 


Play registers. For more detailed information on these 
TABLE 2-5. Plug and Play (PnP) Standard Control Registers 


Name 


Definition 


Set RD_DATA Port 


Writing to this location modifies the address of the port used for reading from the 
Plug and Play ISA cards. Data bits 7-0 are loaded into I/O read port address bits 
9-2. 


Reads from this register are ignored. Bits1 and 0 are fixed at the value 11. 


Serial Isolation 


Reading this register causes a Plug and Play card in the Isolation state to compare 
one bit of the ID of the board. This register is read only. 


Config Control 


Wake[CSN] 


Resource Data 


This register is write-only. The values are not sticky, that is, hardware automatically 
clears the bits and there is no need for software to do so. 


Bit 0 - Reset 


Writing this bit resets all logical devices and restores the contents of 
configuration registers to their power-up (default) values. 


In addition, all the logical devices of the card enter their default state and the 
CSN is preserved. 


Bit 1 - Return to the Wait for Key state. 


Writing this bit puts all cards in the Wait for Key state, with all CSNs preserved 
and logical devices not affected. 


Bit 2 - Reset CSN to 0. 

Writing this bit causes every card to reset its CSN to zero. 
A write to this port causes all cards that have a CSN that matches the write data 
in bits 7-0 to go from the Sleep state to either the Isolation state, if the write data 


for this command is zero, or the Config state, if the write data is not zero. It also 
resets the pointer to the byte-serial device. 


This register is write-only. 

This address holds the next byte of resource information. The Status register must 
be polled until bit 0 of this register is set to 1 before this register can be read. 
This register is read-only. 


Status 


When bit 0 of this register is set to 1, the next data byte is available for reading 
from the Resource Data register. 


This register is read-only. 


Card Select 
Number (CSN) 


Writing to this port assigns a CSN to a card. The CSN is a value uniquely assigned 
to each ISA card after the serial identification process so that each card may be 
individually selected during a Wake[CSN] command. 


This register is read/write. 


Logical Device 
Number 


This register selects the current logical device. All reads and writes of memory, I/O, 
interrupt and DMA configuration information access the registers of the logical 
device written here. In addition, the I/O Range Check and Activate commands 
operate only on the selected logical device. 


This register is read/write. If a card has only 1 logical device, this location should 
be a read-only value of OOh. 


20h - 2Fh 


Card Level, 


Vendor Defined 


Vendor defined registers. 
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TABLE 2-6. Plug and Play (PnP) Logical Device Control Registers 


Name 


Definition 


Activate 


For each logical device there is one Activate register that controls whether or not the 
logical device is active on the ISA bus. 


This is a read/write register. 
Before a logical device is activated, I/O Range Check must be disabled. 
Bit 0 - Logical Device Activation Control 
0: Do not activate the logical device. 
1: Activate the logical device. 
Bits 7-1 - Reserved 
These bits are reserved and must return 0 on reads. 


I/O Range Check 


This register is used to perform a conflict check on the I/O port range programmed 
for use by a logical device. 


This register is read/write. 
Bit 0 - I/O Range Check control 
0: The logical device drives OOAAh. 


1: The logical device responds to I/O reads of the logical device's assigned I/O 
range with a 0055h when I/O Range Check is enabled. 


Bit 1 - Enable I/O Range Check 
0: I/O Range Check is disabled. 


1: I/O Range Check is enabled. (I/O Range Check is valid only when the logical 
device is inactive). 


Bits 7-2 - Reserved 
These bits are reserved and must return 0 on reads. 


TABLE 2-7. Plug and Play (PnP) I/O Space Configuration Registers 


Name 


Definition 


I/O Port Base 
Address Bits (15-8) 
Descriptor 0 


Read/write value indicating the selected I/O lower limit address bits 15-8 for I/O 
descriptor 0. 


I/O Port Base 
Address Bits (7-0) 
Descriptor 0 


Read/write value indicating the selected I/O lower limit address bits 7-0 for I/O 
descriptor 0. 


I/O Port Base 
Address Bits (15-8) 
Descriptor 1 


Read/write value indicating the selected I/O lower limit address bits 15-8 for I/O 
descriptor 1. 


I/O Port Base 
Address Bits (7-0) 
Descriptor 1 


Read/write value indicating the selected I/O lower limit address bits 7-0 for I/O 
descriptor 1. 
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TABLE 2-8. Plug and Play (PnP) Interrupt Configuration Registers 


Name Definition 


Interrupt Request | Read/write value indicating selected interrupt level. 


Level Select 0 | Bits3-0 select the interrupt level used for interrupt 0. A value of 1 selects IRQL 1, a value 
of 15 selects IRQL 15. IRQL 0 is not a valid interrupt selection and (represents no 
interrupt selection. 


Interrupt Request | Read/write value that indicates the type and level of the interrupt request level selected in 
Type Select 0 | the previous register. 


If a card supports only one type of interrupt, this register may be read-only. 
Bit O - Type of the interrupt request selected in the previous register. 

0: Edge 

1: Level 


Bit1 - Level of the interrupt request selected in the previous register. (See also Section 
13.1 on page 231). 


0: Low polarity. (Implies open-drain output with strong pull-up for a short time, followed 
by weak pull-up). 


1: High polarity. (Implies push-pull output). 


TABLE 2-9. Plug and Play (PnP) DMA Configuration Registers 


Name Definition 


DMA Channel | Read/write value indicating selected DMA channel for DMA 0. 


Select 0 Bits 2-0 select the DMA channel for DMA 0. A value of 0 selects DMA channel 0; a 
value of 7 selects DMA channel 7. 


Selecting DMA channel 4, the cascade channel, indicates that no DMA channel is 
active. 


DMA Channel | Read/write value indicating selected DMA channel for DMA 1 


Select 1 Bits 2-0 select the DMA channel for DMA 1. A value of 0 selects DMA channel 0; a 
value of 7 selects DMA channel 7. 


Selecting DMA channel 4, the cascade channel, indicates that no DMA channel is 
active. 


TABLE 2-10. Plug and Play (PnP) Logical Device Configuration Registers 


Index Name Definition 


FOh-FEh Logical Device Vendor defined. 
Configuration Vendor 
Defined 
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2.3.2. Configuration Register Summary 


The tables in this section specify the Index, type 
(read/write), reset values and configuration register or ac- 
tion that controls each register associated with each func- 
tion. 


When the reset value is not fixed, the table indicates what 
controls the value or points to another section that provides 


this information. 


Type 


Soft Reset is related to a Reset executed by utilizing the Re- 
set Bit (Bit 0) of the Config Control Register. (See TABLE 
2-5 "Plug and Play (PnP) Standard Control Registers" on 
page 30. 


TABLE 2-11. Card Control Registers 


Hard Reset 


Soft Reset 


Configuration Register or Action 


00h 


PnP ISA 


Set RD_DATA Port. 


Serial Isolation. 


PnP ISA 
00h 


PnP ISA 
PnP ISA 


Configuration Control. 
Wake[CSN]. 


Resource Data. 


Status. 


00h 


PnP ISA 


Card Select Number (CSN). 


00h 


PnP ISA 


Logical Device Number. 


DOh 


See Section 2.4.3 on page 37. 


DOh 
No Effect 


SID Register. 
Superl/O Configuration 1 Register (SIOC1). 


See Section 2.4.4 on page 38. 


No Effect 


Superl/O Configuration 2 Register (SIOC2). 


See Section 2.4.5 on page 38. 


No Effect 


Programmable Chip Select Configuration Index Register| 


See Section 2.4.6 on page 39. 


No Effect 


Programmable Chip Select Configuration Data Register. 


XX 


XX 


SRID Register (in PC97317 only). 


TABLE 2-12. KBC Configuration Registers for Keyboard - Logical Device 0 


Hard Reset 


Soft Reset 


Configuration Register or Action 


00h or Oth 
See CFGO in Section. 


00h 


See CFGO in Section 
2.1.3. 


or Oth Activate. 
See also FER1 of power management device 


(logical device 8). 


00h 


00h I/O Range Check. 


00h 


00h 


00h Base Address MSB Register. 


Base Address LSB Register. 
Bit 2 (for A2) is read only, 0. 


00h Command Base Address MSB Register. 


64h 


64h Command Base Address LSB. 


Bit 2 (for A2) is read only,1. 


Oth 


Oth KBC Interrupt (KBC IRQ1 pin) Select. 


02h 


02h KBC Interrupt Type. 


Bits 1,0 are read/write; others are read only. 


04h 


04h Report no DMA assignment. 


04h 


04h Report no DMA assignment. 


See Section 2.5.1 on page 40. 


No 


Effect Superl/O KBC Configuration Register. 
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TABLE 2-13. KBC Configuration Registers for Mouse - Logical Device 1 


Hard Reset | Soft Reset 


Configuration Register or Action 


00h 00h 


Activate. 


When mouse of the KBC mouse is inactive, the IRQ selected by the Mouse 
Interrupt Select register (index 70h) is not asserted. 


This register has no effect on host KBC commands handling the PS/2 mouse, 


0Ch 0Ch 


Mouse Interrupt (KBC IRQ12 pin) Select. 


02h 02h 


Mouse Interrupt Type. 
Bits 1,0 are read/write; other bits are read only. 


04h 04h 
04h 04h 


Report no DMA assignment. 


Report no DMA assignment. 


TABLE 2-14. RTC and APC Configuration Registers - Logical Device 2 


Hard Reset Soft Reset 


Configuration Register or Action 


00h or O1h 00h or O1h Activate. 


See CFGO in See CFGO in |The APC of the RTC is not affected by bit 0. 
Section 2.1.3. Section 2.1.3. 


See also FER1 of logical device 8. 


00h 


00h I/O Range Check. 


00h 


00h Base Address MSB Register. 


70h 


70h Base Address LSB Register. 
Bit O (for AO) is read only, 0. 


08h 
00h 


04h 


08h Interrupt Select. 


00h Interrupt Type. 
Bit 1 is read/write, other bits are read only. 


04h Report no DMA assignment. 


04h 


04h Report no DMA assignment. 


TABLE 2-15. FDC Configuration Registers - Logical Device 3 


Hard Reset 


Soft Reset Configuration Register or Action 


OOh or O1h 


00h or O1h Activate. 


See CFGO in Section 2.1.3. See CFGO in |See also FER1 of logical device 8. 


Section 2.1.3. 


00h 


00h I/O Range Check. 


03h 


03h Base Address MSB Register. 


F2h 


F2h Base Address LSB Register. 
Bits 2 and 0 (for A2 and AO) are read only, 0,0. 


06h 


06h Interrupt Select. 


03h 


03h Interrupt Type. 
Bit 1 is read/write; other bits are read only. 


02h 


02h DMA Channel Select. 


04h 


04h Report no DMA assignment. 


See Section 2.6.1 on page 40. No Effect Superl/O FDC Configuration Register. 


See Section 2.6.2 on page 41. No Effect Drive ID Register. 
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TABLE 2-16. Parallel Port Configuration Registers - Logical Device 4 


Hard Reset Soft Reset Configuration Register or Action 


00h 00h Activate. 


See also FER1 of the power management device (logical 
device 8). 


I/O Range Check. 


Base Address MSB register. 
Bits 7-2 (for A15-10) are read only, OO0000b. 


Base Address LSB register. 
Bits 1,0 (for A1,0) are read only, OOb. 
See Section 2.2.2. 


Interrupt Select. 


Interrupt Type. 


Bit 0 is read only. It reflects the interrupt type dictated by 
the Parallel Port operation mode and configured by the 
Superl/O Parallel Port Configuration register. This bit is 
set to 1 (level interrupt) in Extended Mode and cleared 
(edge interrupt) in all other modes. 


Bit 1 is a read/write bit. 
Bits 7-2 are read only. 


04h 04h DMA Channel Select. 
04h 04h Report no DMA assignment. 


See Section 2.7 on page 41 No Effect |Superl/O Parallel Port Configuration register. 


TABLE 2-17. UART2 and Infrared Configuration Registers - Logical Device 5 


Hard Reset Soft Reset Configuration Register or Action 


00h 00 Activate. 


See also FER1 of the power management device 
(logical device 8). 


I/O Range Check. 


Base Address MSB register. 


Base Address LSB register. 
Bit 2-0 (for A2-0) are read only, 000b. 


Interrupt Select. 


Interrupt Type. 
Bit 1 is R/W; other bits are read only. 


DMA Channel Select 0 (RX_DMA). 
04h 04h DMA Channel Select 1 (TX_DMA). 


See Section 2.8 on page 42 No Effect /Superl/O UART2 Configuration register. 
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TABLE 2-18. UART1 Configuration Registers - Logical Device 6 


Hard Reset 


Soft Reset Configuration Register or Action 


00h 


00h Activate. 
See also FER1 of the power management device 


(logical device 8). 


00h 
03h 


00h 
03h 


I/O Range Check. 
Base Address MSB Register. 


F8h 


F8h Base Address LSB Register. 


Bits 2-0 (for A2-0) are read only as O0Ob. 


04h 


04h Interrupt Select. 


03h 


03h Interrupt Type. 


Bit 1 is read/write. Other bits are read only. 


04h 


04h Report no DMA Assignment. 


04h 


04h Report no DMA Assignment. 


See Section 2.9.1 on page 42 


No Effect |Superl/O UART 1 Configuration register. 


TABLE 2-19. GPIO Ports Configuration Registers - Logical Device 7 


Hard Reset 


Soft Reset 


Configuration Register or Action 


00h 


00h 


Activate. 
See also FER2 of the power management device (logical device 8). 


00h 


00h 


I/O Range Check. 


00h 


00h 


Base Address MSB Register. 


00h 


00h 


Base Address LSB Register. 
Bit 2-0 (for A2-0) are read only: 000. 


04h 


04h 


Report no DMA assignment. 


04h 


04h 


Report no DMA assignment. 


TABLE 2-20. Power Management Configuration Registers - Logical Device 8 


Hard Reset 


Soft Reset 


Configuration Register or Action 


00 


00 


Activate. 


When bit 0 is cleared, the registers of this logical device are not 
accessible. The registers are maintained. 


I/O Range Check. 
Base Address Most Significant Byte. 


Base Address LSB Register. 
Bit O (for AO) is read only: 0. 


Report no DMA assignment. 


Report no DMA assignment. 
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2.4 CARD CONTROL REGISTERS 
This section describes the registers at first level indexes in 
the range 20h - 2Fh. 


The next section describes the chip select configuration 
registers, which are accessed using two index levels. The 
first index level accesses the Programmable Chip Select In- 
dex register at 23h. The second index level accesses a spe- 
cific chip select configuration register. See TABLE 2-24 
"The Programmable Chip Select Configuration Registers" 
on page 43. 


2.4.1. PC87317 SID Register 


This read-only register holds the revision and chip identity 
number of the chip. The PC87317VUL is identified by the 
value DOh in this register. 


765 43 2 120 


1] + {0} 4 [0] 0/0] 0 |Reser 
[++ {0} 10} 0] 0] o}Requires 


Gs ID 


Chip ID 


PC87317 SID Register 
Index 20h 


FIGURE 2-1. PC87317 SID Register Bitmap 


2.4.2. PC97317 SID Register 


This read-only register holds the identity number of the chip. 
The PC97317VUL is identified by the value DFh in this reg- 
ister. 


0  PC97317 SID Register 
Index 20h 


7-6. Bid BD 4 
tft fol tf aft] tt preset 
1] fof sds ft] 1] 1 Required 


FIGURE 2-2. PC97317 SID Register Bitmap 


2.4.3. Superl/O Configuration 1 Register (SIOC1) 


This register can be read or written. It is reset by hardware 
to 04h, 06h, 14h or 16h. See SELCS and the CFG1 strap 
pin in TABLE 2-2 "The Strap Pins" on page 28. 
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Superl/O Configuration 1 
0 Register (SIOC1), 
Index 21h 


7 6 5 4 3 2 


ZWS Enable 
CSOUT-NSC-test or CS1/XDO 
PC-AT or PS/2 Drive Mode Select 
UART2 or GPIO30-36 Select 
X-Bus Data Buffer (XDB) Select 
Lock Scratch Bit 


Leases Purpose Scratch Bits 
FIGURE 2-3. SIOC1 Register Bitmap 


Bit 0 - ZWS Enable 


This bit controls assertion of ZWS on any host Super|/O 
chip access, except for configuration registers access 
(including Serial Isolation register) and except for Paral- 
lel Port access. 


For ZWS assertion on host-EPP access, see Section 
6.5.17 "Control2 Register" on page 152. 


0: ZWS is not asserted. 
1: ZWS is asserted. 


Bit 1 - CSOUT-NSC-test or CS1/XDO on Pin 71 Select 


This bit is initialized with SELCS strap value (see TA- 
BLE 2-2 "The Strap Pins" on page 28). 


0: CSOUT-NSC-test on pin. 


1: CS1 or XDO on pin (according to bit 4 of Superl/O 
Configuration 1 Register (SIOC1)). 


Undefined results, when bit 1 of the Superl/O Configuration 
1 register is cleared to zero and bit 4 of the Superl/O Con- 
figuration 1 register is set to one. (see TABLE 2-21). 


TABLE 2-21. Signal Assignment for Pin 71 


SIOC1 Bits 
4 1 


Pin 71 


CSOUT-NSC-test 
CS1 
Undefined 
XDO 


0 
0 
1 
1 


0 
1 
0 
1 


Bit 2 - PC-AT or PS/2 Drive Mode Select 
0: PS/2 drive mode. 
1: PC-AT drive mode. (Default) 


Bit 3 - UART2 or GPIO30-36 Select 
0: GPIO30-32 and GPIO34-36 pins are selected 
1: UART2 pins are selected 
Upon reset, this bit is initialized to 0. 
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Bit 4 - X-Bus Data Buffer (XDB) Select 

Select X-bus buffer on the XDB pins. This read only bit 

is initialized with the CFG1 strap value. See TABLE 2-21 

and see also Chapter 11 "X-Bus Data Buffer" on page 

229. 

0: No XDB buffer. XDB pins have alternate function, 
see TABLE 1-2 "Multiplexed X-Bus Data Buffer 
(XDB) Pins" on page 25. 

1: XDB enabled. 


Bit 5 - Lock Scratch Bit 


This bit controls bits 7 and 6 of this register. Once this 
bit is set to 1 by software, it can be cleared to 0 only by 
a hardware reset. 

0: Bits 7 and 6 of this register are read/write bits. 


1: Bits 7 and 6 of this register are read only bits. 


Bits 7,6 - General Purpose Scratch Bits 
When bit 5 is set to 1, these bits are read only. After re- 
set they can be read or written. Once changed to read- 
only, they can be changed back to be read/write bits 
only by a hardware reset. 


2.4.4 Superl/O Configuration 2 Register (SIOC2) 


This read/write register is reset by hardware to 00h-03h. 
See BADDR1,0 strap pins in Section 2.1.3 "The Strap Pins" 
on page 28. 


9 Superl/o Configuration 2 
Register (SIOC2), 
Index 22h 


76 5 4 °3 2 =~ 1 


BOOROREE 
PET ET | | JReauirea 


_-ACBADDR1 and BADDRO 
GPIO22 or POR Select 


eA cHiee: IRSL2/ ID2 or ISLO Pin Select 
GP1I020 or IRSL1 Pin Select 
— GP1IO17 or WDO Pin Select 
— GPIO Bank Select 


FIGURE 2-4. SIOC2 Register Bitmap 


Bits 1,0 - BADDR1 and BADDRO 


Initialized on reset by BADDR1 and BADDRO strap pins 
(BADDRO on bit 0). These bits select the addresses of 
the configuration Index and Data registers and the Plug 
and Play ISA Serial Identifier. See TABLE 2-1 "Base 
Addresses" on page 27 and TABLE 2-2 “The Strap 
Pins" on page 28. 


Bit 2 - GPIO22 or POR Pin Select 


The output buffer of this pin is selected by Port 2 Output 
Type and Port 2 Pull-up Control registers. 


0: The pin is GPIO22. 
1: The pin is POR. 


Bits 4,3 - GPIO21, IRSL2/ID2 or IRSLO Pin Select 
The output buffer of this pin is selected by Port 2 Output 


Type and Port 2 Pull-up Control registers as shown in 
TABLE 2-22 "Signal Assignment for Pins 158 and 77". 
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TABLE 2-22. Signal Assignment for Pins 158 and 77 


Pin 77 


(When Bit 4 of Superl/O 
Config 1 Register = 0) 


IRSL2/SELCS 
GP1021/SELCS 
IRSL2/SELCS 
IRSL2/SELCS 


Bits 
43 


Pin 158 


00 GP1021 
01 IRSL2/ID2 
10 IRSLO 


11 Reserved 


Bit 5 - GPIO20, IRSL1 or ID1 Pin Select 


The output buffer of this pin is selected by Port 2 Output 
Type and Port 2 Pull-up Control registers. 


0: The pin is GPIO20. 
1: The pin is IRSL1/ID1. 


Bit 6 - GPIO17 or WDO Pin Select 


This bit determines whether GPIO17 or WDO is routed 
to pin 156 when bit 7 of the Port 1 Direction register at 
offset 01h of logical device 7 is set to 1. See Section 9.1 
"GPIO PORT ACTIVATION" on page 215. 


The output buffer of this pin is selected by Port 2 Output 
Type and Port 2 Pull-up Control registers. 


0: GPIO17 uses the pin. (Default) 
1: WDO uses the pin. 


Bit 7 - GPIO Bank Select 
This bit selects the active register bank of GPIO registers. 
0: Bank 0 is selected. (Default) 
1: Bank 1 is selected. 


2.4.5 Programmable Chip Select Configuration Index 


Register 


This read/write register is reset by hardware to OOh. It indi- 
cates the index of one of the Programmable Chip Select 
(CSO, CS1 or CS2) configuration registers described in 
Section 2.10 "PROGRAMMABLE CHIP SELECT CONFIG- 
URATION REGISTERS" on page 42. 


The data in the indicated register is in the Programmable 
Chip Select Configuration Data register at index 24h. 


Bits 7 through 4 are read only and return 0000 when read. 


ie pao Chip Select 
7 6 5 43 2 1 Configuration Index 


ToT] ToTeToT ores eae 
foj}o;ojo] | | | | Required 


Index of a Programmable 
Chip Select Configuration 
Register 


Read Only 


FIGURE 2-5. Programmable Chip Select Configuration 
Index Register Bitmap 


Configuration 


2.4.6 Programmable Chip Select Configuration Data 


Register 


This read/write register contains the data in the Program- 
mable Chip Select Configuration register (see Section 2.10 
"PROGRAMMABLE CHIP SELECT CONFIGURATION 
REGISTERS" on page 42) indicated by the Programmable 
Chip Select Configuration Index register at index 23h. 


Nie hale eart Chip Select 

Configuration Data 
Register, 
Index 24h 


765 4 3 2 1 


[oo] 9] 9] [0] oT ores 
PLT ET | JReauired 


Data in a Programmable 
Chip Select Configuration 
Register 


FIGURE 2-6. Programmable Chip Select Configuration 
Data Register Bitmap 


2.4.7 Superl/O Configuration 3 Register (SIOC3) 


This read/write register enables output-pin designation and 
interrupt routing. It is reset by hardware to OOh. 


9 Superl/o Configuration 3 
Register (SIOC3), 
Index 25h 


765 4 3 2 1 


[oo] 9] 9] [0] [ores 
PE TY fReauirea 


P16 or GPIO25 Select 
P12 or CSO Select 
Reserved 
SCI Polarity Select 


SCI Plug-and-Play Select 


FIGURE 2-7. SIOC3 Register Bitmap 


Bit 0 - P16 or GPIO25 Pin Select 
0: P16 is routed to I/O pin. 


1: GPIO25 is routed to I/O pin. The KBC firmware 
may write to P16 and read it back as if the pin exist 
and left open. Upon reset, this bit is initialized to 0. 


Bit 1 - P12 or CSO Pin Select 
0: P12 is routed to I/O pin. 


1: CSO is routed to I/O pin. The KBC firmware may 
write to P12 and read it back as if the pin exist and 
left open. Upon reset, this bit is initialized to 0. 


Bit 2 - Reserved 
Reserved. 
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Bit 3 - SCI Polarity Select 
0: SCl interrupt is active low. 
1: SCl interrupt is active high. 


Bits 7-4 - SCI Plug-and-Play Select 


SCI can be routed to one of the following ISA interrupts: 
IRQ1, IRQ3-IRQ12, IRQ14-IRQ15. 


For details on the SCI signal, refer to Chapter 4 on page 53. 
TABLE 2-23. SCI Routing 


Bits 


Interrupt 
7654 


0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
011 
100 
101 
110 
111 


Disable 
IRQ1 


Invalid 
IRQ3 
IRQ4 
IRQ5 
IRQ6 
IRQ7 
IRQ8 
IRQ9 

IRQ10 

IRQ11 

IRQ12 


Invalid 
IRQ14 
IRQ15 


Upon reset, these bits are initialized to 0000. 
Disable means the SCI is not routed to any ISA interrupt. 
Unpredictable results when invalid values are written. 


2.4.8 PC97317 SRID Register 
This read-only register holds the revision number of the 
PC97317 chip. SRID is incremented on each tapeout. 


0 PC97317 SRID Register 
Index 27h 


7 6 5 4 3 2 1 
PET ELL TS Jaca 


Chip Revision ID 


FIGURE 2-8. PC97317 SRID Register Bitmap 


www.national.com 


SYALSIDSAY TOHLNOOD GYV9 


(0 SOIARG 1V9IDO7) YS.LSIDSY NOILVYHNDISNOD 99» 


Configuration 


2.4.9 Superl/O Configuration F Register (SIOCF), 


Index 2Fh 
This register is reserved. Must be written with ‘0’s. 


2.5 KBC CONFIGURATION REGISTER (LOGICAL 
DEVICE 0) 


2.5.1 
This read/write register is reset by hardware to 40h. 


Superl/O KBC Configuration Register 


Superl/O KBC 
Configuration 
Register, 
Index FOh 


76 5 4 °3 2 ~ 1 


[oT + [0]0] 9] 0] 0] o|Rese 
PET ET |  JReauirea 


TRI-STATE Control 


Reserved 


Eee Clock Source 


FIGURE 2-9. Superl/O KBC Configuration Register 
Bitmap 


Bit 0 - TRI-STATE Control 


When set, this bit causes the Keyboard and Mouse pins 
to be in TRI-STATE (KBCLK, KBDAT, MCLK, and MDAT 
pins), when the KBC is inactive (disabled). 


This bit is ORed with a bit of PMC1 register of logical de- 
vice 8. 


0: Keyboard and Mouse pins are not put in TRI-STATE 


1: Keyboard and Mouse pins are put in TRI-STATE, 
when the KBC is inactive. 


Bits 5-1 - Reserved 
Reserved. 


Bits 7,6 - KBC Clock Source 


Bit 6 is the LSB. The clock source can be changed only 
when the KBC is inactive (disabled). 


00:8 MHz 
01:12 MHz 


10:16 MHz. Undefined results when these bits are 10 
and the clock source for the chip is 24 MHz on X1. 


11: Reserved. 
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2.6 FDC CONFIGURATION REGISTERS (LOGICAL 
DEVICE 3) 


2.6.1 
This read/write register is reset by hardware to 20h. 


Superl/O FDC Configuration Register 


Super I/O FDC 
Configuration 
Register, 
Index FOh 


765 4 3 2 1 


BOEOGOoO 
PT ET TY fReauirea 


TRI-STATE Control 


Reserved 


DENSEL Polarity Control 
'— TDR Register Mode 
'— Four Drive Control 


FIGURE 2-10. Superl/O FDC Configuration Register 
Bitmap 


Bit 0 - TRI-STATE Control 


When set, this bit causes the FDC pins to be in TRI- 
STATE (except the IRQ and DMA pins) when the FDC is 
inactive (disabled). 


This bit is ORed with a bit of PMC1 register of logical de- 
vice 8. 


0: FDC pins are not put in TRI-STATE. 
1: FDC pins are put in TRI-STATE. 


Bits 4-1 - Reserved 
Reserved. 


Bit 5 - DENSEL Polarity Control 


0: DENSEL is active low for 500 Kbps or 1 Mbps data 
rates. 


1: DENSEL is active high for 500 Kbps or 1 Mbps 
data rates. (Default) 


Bit 6 - TDR Register Mode 


0: PC-AT Compatible drive mode (bits 7 through 2 of 
TDR are not driven). 


1: Enhanced drive mode (bits 7 through 2 of TDR are 
driven on TDR read). 


Bit 7 - Four Drive Encode 
0: Two floppy drives are directly controlled by DR1-0, 
MTR1-0. 


1: Four floppy drives are controlled with the aid of an 
external decoder. 


Configuration 


2.6.2 


This read/write register is reset by hardware to 00h. These 
bits control bits 5 and 4 of the enhanced TDR register. 


Drive ID Register 


765 4 3 2 1 


[O07 0] 0] 0] 0] 0] ofrese 
PE ET TY fReauirea 


Drive ID Register, 
Index Fith 


Af Drive 0 ID 
ane 11D 


Reserved 
FIGURE 2-11. Drive ID Register Bitmap 


Bits 1,0 - Drive 0 ID 
These bits are reflected on bits 5 and 4, respectively, of 
the Tape Drive Register (TDR) of the FDC when drive 0 
is accessed. See Section 5.3.4 "Tape Drive Register 
(TDR)" on page 99. 


Bits 3,2 - Drive 1 ID 
These bits are reflected on bits 5 and 4, respectively, of 
the TDR register of the FDC when drive 1 is accessed. 
See Section 5.3.4 "Tape Drive Register (TDR)" on page 
99. 


Bits 7-4 - Reserved 


2.7 PARALLEL PORT CONFIGURATION REGISTER 
(LOGICAL DEVICE 4) 


2.7.1 


This read/write register is reset by hardware to F2h. For nor- 
mal operation and to maintain compatibility with future 
chips, do not change bits 7 through 4. 


Superl/O Parallel Port Configuration Register 


Superl/O Parallel Port 
76 5 40630 2 1 0) = Configuration Register, 


f1{1]1/1[0] 0] 1] 0| Reset Index FOh 
ic callow tale ef ita Required 


TRI-STATE Control 
Clock Enable 
Reserved 
PP of PnP ISA Resource Data 
Configuration Bits within the Parallel Port 


Ree Port Mode Select 


FIGURE 2-12. Superl/O Parallel Port Configuration 
Register Bitmap 


At 


Bit 0 - TRI-STATE Control 
When set, this bit causes the parallel port pins to be in 
TRI-STATE (except IRQ and DMA pins) when the paral- 
lel port is inactive (disabled). This bit is ORed with a bit 
of the PMC1 register of logical device 8. 


Bit 1 - Clock Enable 

0: Parallel port clock disabled. 
ECP modes and EPP time-out are not functional 
when the logical device is active. Registers are 
maintained. 

: Parallel port clock enabled. 

All operation modes are functional when the logical 
device is active. This bit is ANDed with a bit of the 
PMC3 register of the power management device 
(logical device 8). 


Bit 2 - Reserved 


Bit 3 - Reported Parallel Port of PnP ISA Resource Data 
Report to the ISA PnP Resource Data the device identi- 
fication. 

0: ECP device. 
1: SPP device. 


Bit 4 - Configuration Bits within the Parallel Port 


0: The registers at base (address) + 403h, base + 
404h and base + 405h are not accessible (reads 
and writes are ignored). 

: When ECP is selected by bits 7 through 5, the reg- 

isters at base (address) + 403h, base + 404h and 
base + 405h are accessible. 
This option supports run-time configuration within 
the Parallel Port address space. An 8-byte (and 
1024-byte) aligned base address is required to ac- 
cess these registers. See Chapter 6 “Parallel Port 
(Logical Device 4)" on page 137 for details. 


Bit 7-5 - Parallel Port Mode Select 

Bit 5 is the LSB. 

Selection of EPP 1.7 or 1.9 in ECP mode 4 is controlled 

by bit 4 of the Control2 configuration register of the par- 

allel port at offset 02h. See Section 6.5.17 "Control2 

Register" on page 152. 

000: SPP Compatible mode. PD7-0 are always output 
signals. 

001: SPP Extended mode. PD7-0 direction controlled 
by software. 

010:EPP 1.7 mode. 

011:EPP 1.9mode. 

100:ECP mode (IEEE1284 register set), with no sup- 
port for EPP mode. 

101:Reserved. 

110:Reserved. 


111:ECP mode (IEEE1284 register set), 
mode selectable as mode 4. 


with EPP 
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Configuration 


2.8 UART2 AND INFRARED CONFIGURATION 
REGISTER (LOGICAL DEVICE 5) 


2.8.1 
This read/write register is reset by hardware to 02h. 


Superl/O UART2 Configuration Register 


Superl/O UART2 
76 5 4 3 2 1 0+ Configuration Register, 


fo;o|olololo]1]o Reset Index FOh 
Seal a ae Required 


TRI-STATE Control for 
UART2 Signals 
Power Mode Control 
Busy Indicator 


Ring Detection on RI Pin 


L_ as 


— Bank Select Enable 


FIGURE 2-13. Superl/O UART2 Configuration Register 
Bitmap 


Bit 0 - TRI-STATE Control for UART signals 


This bit controls the TRI-STATE status of UART signals 
(except IRQ and DMA signals) when the UART is inac- 
tive (disabled). This bit is ORed with a bit of the PMC1 
register of the power management device (logical de- 
vice 8). 

0: Signals not in TRI-STATE. 

1: Signals in TRI-STATE. 


Bit 1 - Power Mode Control 
0: Low power mode. 
UART Clock disabled. UART output signals are set 
to their default state. The RI input signal can be 
programmed to generate an interrupt. Registers 
are maintained. 
: Normal power mode. 

UART clock enabled. The UART is functional when 
the logical device is active. This bit is ANDed with a 
bit of the PMC3 register of the power management 
device (logical device 8) 


Bit 2 - Busy Indicator 


This read-only bit can be used by power management 
software to decide when to power down the logical de- 
vice. This bit is also accessed via the PMC3 register of 
the power management device (logical device 8). 

0: No transfer in progress. 


1: Transfer in progress. 


Bit 3 - Ring Detection on RI Pin 

0: The UART RI input signal uses the RI pin. 

1: The UART RI input signal is the RING detection 
signal on the RING pin. RING pin is selected by the 
APGCR2 register of the Advanced Power Control 
(APC) module. 
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Bits 6-4 - Reserved 


Bit 7 - Bank Select Enable 


Enables bank switching. If this bit is cleared, all attempts 
to access the extended registers are ignored. 


2.9 UART1 CONFIGURATION REGISTER 
(LOGICAL DEVICE 6) 


2.9.1 


This read/write register is reset by hardware to 02h. Its bits func- 
tion like the bits in the Superl/O UART2 Configuration register 


Superl/O UART1 Configuration Register 


Superl/O UART1 
76 5 4 3 2) 1 0) = Configuration Register, 


fof o}o}o]o|o]1]{o| Reset Index FOh 
eee ih ck ale cel Required 


TRI-STATE Control for 
UART1 Pins 
Power Mode Control 
Busy Indicator 


Ring Detection on RI Pin 


LL Te 


— Bank Select Enable 


FIGURE 2-14. Superl/O UART1 Configuration Register 
Bitmap 


2.10 PROGRAMMABLE CHIP SELECT 
CONFIGURATION REGISTERS 


The chip select configuration registers are accessed using 
two index levels. The first index level accesses the Program- 
mable Chip Select Index register at 23h. See Section 2.4.5 
"Programmable Chip Select Configuration Index Register" 
on page 38. The second index level accesses a specific chip 
select configuration register as shown in TABLE 2-24 "The 
Programmable Chip Select Configuration Registers". 


See also Section 9.3 "PROGRAMMABLE CHIP SELECT 
OUTPUT SIGNALS" on page 216 and the description of 
each signal in TABLE 1-1 "Signal/Pin Description Table" on 
page 17. 


Configuration 


TABLE 2-24. The Programmable Chip Select 
Configuration Registers 


Second 
Level 
Index 


Register Name 


00h |CSO Base Address MSB Register 


0 
CSO 


Oth Base Address LSB Register 


02h CSO Configuration Register 


03h Reserved 


04h Base Address MSB Register 


05h Base Address LSB Register 


06h CST Configuration Register 


07h Reserved 


08h S2 Base Address MSB Register 


09h S2 Base Address LSB Register 


OAh CS2 Configuration Register 


OBh-OFh Reserved 


10h-FFh Not Accessible 


2.10.1 CSO Base Address MSB Register 


This read/write register is reset by hardware to 00h. Same 
as Plug and Play ISA base address register at index 60h. 
See TABLE 2-7 "Plug and Play (PnP) I/O Space Configu- 
ration Registers" on page 31. 


2.10.2 CSO Base Address LSB Register 


This read/write register is reset by hardware to OOh. It is the 
same as the Plug and Play ISA base address register at in- 
dex 61h. See TABLE 2-7 "Plug and Play (PnP) I/O Space 
Configuration Registers" on page 31. 


2.10.3 CSO Configuration Register 


This read/write register is reset by hardware to OOh. It con- 
trols activation of the CSO signal upon an address match, 
when AEN is inactive (low) and the non-masked address 
pins match the corresponding base address bits. 


765 4 3 2 1 


[oO] 0] 00] 0] 0] ress 
PT TT TY fReauirea 


Mask Address Pin AO 

Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 
Assert Chip Select Signal on Read 
'— Unaffected by RD/WR 
— Mask Address Pins A11 


CSO Configuration 
Register, 
Second Level 
Index 02h 


FIGURE 2-15. Superl/O CSO Configuration Register 
Bitmap 
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Bit 0 - Mask Address Pin AO 
0: AO is decoded. 
1: AO is not decoded; it is ignored. 


Bit 1 - Mask Address Pin A1 
0: A1 is decoded. 
1: A1 is not decoded (ignored). 


Bit 2 - Mask Address Pin A2 
0: A2 is decoded. 
1: A2 is not decoded; it is ignored. 


Bit 3 - Mask Address Pin A3 
0: A3 is decoded. 
1: A3 is not decoded; it is ignored. 


Bit 4 - Assert Chip Select Signal on Write 


0: Chip select not asserted on address match and 
when WR is active (low). 


1: Chip select asserted on address match and when 
WR is active (low). 


Bit 5 - Assert Chip Select Signal on Read 


0: Chip select not asserted on address match and 
when RD is active (low). 


1: Chip select asserted on address match and when 
RD is active (low). 


Bit 6 - Unaffected by RD/WR 
Bits 5 and 4 are ignored when this bit is set. 


0: Chip select asserted on address match, qualified 
by RD or WR pin state and contents of bits 5 and 4. 


1: Chip select asserted on address match, regardless 
of RD or WR pin state and regardless of contents 
of bits 5 and 4. 


Bit 7 - Mask Address Pins A11-A0 
0: A11 are decoded. 
1: A11 are not decoded; they are ignored. 


2.10.4 Reserved 
Attempts to access this register produce undefined results. 


2.10.5 CS1 Base Address MSB Register 


This read/write register is reset by hardware to 00h. Same 
as Plug and Play ISA base address register at index 60h. 
See TABLE 2-7 "Plug and Play (PnP) I/O Space Configu- 
ration Registers" on page 31. 


2.10.6 CS1 Base Address LSB Register 


This read/write register is reset by hardware to 00h. Same 
as Plug and Play ISA base address register at index 61h. 
See TABLE 2-7 "Plug and Play (PnP) I/O Space Configu- 
ration Registers" on page 31. 


2.10.7 CS1 Configuration Register 


This read/write register is reset by hardware to OOh. It func- 
tions like the CSO Configuration Register described in Sec- 
tion 2.10.3 "CSO Configuration Register" on page 43. 
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Configuration 


7 65 4 3 2 1 


[oo] 0] 0] 0] 0] 0] ofRese 
PE TY JReauirea 


Mask Address Pin AO 

Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 
Assert Chip Select Signal on Read 
'— Unaffected by RD/WR 
—— Mask Address Pins A11 


CS1 Configuration 
Register, 
Second Level 
Index 06h 


FIGURE 2-16. Superl/O CS1 Configuration Register 
Bitmap 


2.10.8 Reserved 
Attempts to access this register produce undefined results. 


2.10.9 CS2 Base Address MSB Register 


This read/write register is reset by hardware to OOh. It func- 
tions like the Plug and Play ISA base address register at in- 
dex 60h. See TABLE 2-7 "Plug and Play (PnP) I/O Space 
Configuration Registers" on page 31. 


2.10.10 CS2 Base Address LSB Register 


This read/write register is reset by hardware to OOh. It func- 
tions like the Plug and Play ISA base address register at in- 
dex 61h. See TABLE 2-7 "Plug and Play (PnP) I/O Space 
Configuration Registers" on page 31. 


2.10.11 CS2 Configuration Register 


This read/write register is reset by hardware to OOh. It func- 
tions like the CSO Configuration register. 


765 4 3 2 1 


[oO] 0] 0] 0] 0] OT ofRese 
PE TE TT JReauirea 


Mask Address Pin AO 
Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 

Assert Chip Select Signal on Read 

— Unaffected by RD/WR 

— Mask Address Pins A11 


CS2 Configuration 
Register, 
Second Level 
Index 0Ah 


FIGURE 2-17. Superl/O CS2 Configuration Register 
Bitmap 
2.10.12 Reserved, Second Level Indexes OBh-0Fh 


Attempts to access these registers produce undefined re- 
sults. 


2.10.13 Not Accessible, Second Level Indexes 10h-FFh 
Not accessible because bits 7-4 of the Index register are 0. 
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2.11 CONFIGURATION REGISTER BITMAPS 


SID (In peo) 
Register, 
Index 20h 


7 65 43 2 120 


Les ID 


SID (In PC97317) 
Register, 


Index 20h 


o Supert/O Configuration 1 
Register (SIOC1), 
Index 21h 


76 5 4 °3 2 ~ 1 


DOOEOMEI 
PLT ET TY JReauirea 


ZWS Enable 
CSOUT or CSO Select 
PC-AT or PS/2 Drive Mode Select 
UART2 or GPIO30-36 Select 
X-Bus Data Buffer (XDB) Select 
Lock Scratch Bit 


Loe enced Purpose Scratch Bits 


aorene Configuration 2 
Register (SIOC2), 
Index 22h 


76 5 4 °3 2 ~ 1 


[oO 7 070] 0] 0] [x Rese 
PET ET feared 


_ABADDRY and BADDRO 
GPIO22 or POR Select 


eiost IRSL2, ID2 or ISLO Pin Select 
GP1020 or IRSL1 Pin Select 
— GPIO17 or WDO Pin Select 
— GPIO Bank Select 


Configuration 


ee atolleatg Chip Select 
Configuration Index 


oTo[oTToTeToTofresa eae 
fofofojo; | | | | Required 


ee of a Programmable 

Chip Select Configuration 
Register 

Le Only 


Programmable Chip Select 
Configuration Data 


Register, 
Index 24h 


Data in a Programmable 
Chip Select Configuration 
Register 


{ 9 Superl/o Configuration 3 


[eToT oT ToT eT oT ores "horse 
naex 
POT TT TTT Jreauies 


P16 or GPIO25 Select 
P12 or CSO Select 
Reserved 
SCI Polarity Select 


SCI Plug-and-Play Select 


0 SRID (In the 97317 ony 
Register, 
Index 27h 


Chip Revision ID 


Superl/O KBC 
Configuration 
Register, 
Index FOh 


TRI-STATE Control 


Lig 


LA ee Clock Source 


Superl/O FDC 
Configuration 
Register, 
Index FOh 


R26 5 A230 18 
}o} 0] i}o[o] 0/0] ofRese 
PE TT I Required 


TRI-STATE Control 


Nes 


DENSEL Polarity Control 
— TDR Register Mode 
'‘— Four Drive Control 


Drive ID Register, 
Index Fih 


76543 210 
}o | [of 0/0] 0/0] ofRese 
PT ET | tI Required 


ais OID 


Drive 1 ID 


he a 


CSO Configuration 
Register, 

Second Level 
Index 02h 


Mask Address Pin AO 
Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 
Assert Chip Select Signal on Read 
'— Unaffected by RD/(WR 
— Mask Address Pins A11-4 
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Configuration 


7 6 5 4°93 2 1 CS1 Configuration 


PToToTeTeToToTe fro Ror 
| | | | | | | | jRequired Index 06h 


Mask Address Pin AO 
Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 
Assert Chip Select Signal on Read 
'— Unaffected by RD/WR 
— Mask Address Pins A11-4 


7 6 5 4°93 2 1 CS2 Configuration 


BODO GOES eel! 
PELE LITTL TL Jreaires Serond teva 


Mask Address Pin AO 
Mask Address Pin A1 
Mask Address Pin A2 
Mask Address Pin A3 
Assert Chip Select Signal on Write 
Assert Chip Select Signal on Read 
'— Unaffected by RD/WR 
— Mask Address Pins A11-4 


Superl/O Parallel Port 
76 5 403 2 Q Configuration Register, 


1} 1} 4] 1]o]o] 1] o| Reset Index FOh 


TRI-STATE Control 
Clock Enable 
Reserved 


PP of PnP ISA Resource Data 
Configuration Bits within the Parallel Port 


Leas Port Mode Select 
Superl/O UART1,2 


76 5) 4063 2 0 Configuration Register, 


fo} 0} 0] 0] 0] 0] 0] o| Reset Index FOh 
He al calle dP [lhe Required 


TRI-STATE Control for 
UART Pins 
Power Mode Control 
Busy Indicator 


Ring Detection on RI Pin 


EE 7 ee 


— Bank Select Enable 
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Keyboard (and Mouse) Controller (KBC) (Logical Devices 0 and 1 


3.0 Keyboard (and Mouse) Controller 
(KBC) (Logical Devices 0 and 1) 


The Keyboard Controller (KBC) is a functionally indepen- 
dent programmable device controller. It is implemented 
physically as a_ single hardware module on _ the 
PC87317VUL multi-I/O chip and houses two separate logi- 
cal devices: a keyboard controller and a mouse controller. 


The KBC accepts user input from the keyboard or mouse, 
and transfers this input to the host PC via the common 
PC87317VUL-PC interface. 


The KBC is functionally equivalent to the industry standard 
8042A keyboard controller, which may serve as a detailed 
technical reference for the KBC. 


The KBC is delivered preprogrammed with customer-sup- 
plied code. KBC firmware code is identical to 8042 code, 
and to code of the keyboard controller of the PC87323VUL 
chip. The PC87323VUL is recommended as a development 
platform for the KBC since it uses identical code and in- 
cludes internal program RAM that enables software devel- 
opment. 


Program 
Address 


3.1. SYSTEM ARCHITECTURE 


The KBC is a general purpose microcontroller, with an 8-bit 
internal data bus. See FIGURE 3-1 "KBC System Function- 
al Block Diagram". It includes these functional blocks: 


Serial Open-collector Drivers: Four open-collector bi-di- 
rectional serial lines enable serial data exchange with 
the external devices (keyboard and mouse) using the 
PS/2 protocol. 


Program ROM: 2 Kbytes of ROM store program machine 
code in non-erasable memory. The code is copied to 
this ROM during manufacture, from customer-supplied 
code. 


Data RAM: A 256-byte data RAM enables run-time inter- 
nal data storage, and includes an 8-level stack and 16 
8-bit registers. 


Timer/Counter: An internal 8-bit timer/counter can count 
external events or pre-divided system clock pulses. An 
internal time-out interrupt may be generated by this de- 
vice. 


/O Ports: Two 8-bit ports (Port 1 and Port 2) serve various 
I/O functions. Some are for general purpose use, others 
are utilized by the KBC firmware. 


Data 
RAM 
256 x 8 
(including 
registers 
and stack) 


Program 


8-Bit Internal Bus 


Timer 


I/O PORT 1 
8-Bit 


P17, P16, P12 To PnP 


X 


Overflow 


Interrupt Matrix KBDAT KBCLK MDAT MCLK 


STATUS | DBBIN | DBBOUT 


V 
\/O Interface 


V 
PC87317VUL Interface 


FIGURE 3-1. KBC System Functional Block Diagram 


47 


www.national.com 


(} pue Q SediAeg je91607) (9g) 491104;U0D (@snow pue) pueoghey 0°¢e 


MAIAYSAO IWNOILLONNA 


Keyboard (and Mouse 


S 


PC 
Chip Set 


S sng edejJe}U] |eUE}U| 
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PC87317VUL 


KBC Device 


STATUS P16 


DBBIN P17 
P20 


P21 


DBBOUT 


KBCLK 


P26 >—_@. 
Keyboard Clock 


TESTO —<¢—' 


pov KBDAT 


Keyboard Data 
MCLK 


KBC IRQ 


Plug and 
Play 
Matrix 


Mouse IRQ] P25 


P23 
TEST1—¢#— 


Mouse Clock 


MDAT 
Mouse Data 


P22 


FIGURE 3-2. System Interfaces 


3.2 FUNCTIONAL OVERVIEW 


The KBC supports two external devices — a keyboard and 
a mouse. Each device communicates with the KBC via two 
bidirectional serial signals. Five additional external general- 
purpose I/O signals are provided. 


KBC operation involves three signal interfaces: 
© External I/O interface 
© Internal KBC - PC87317VUL interface 


© PC87317VUL - PC chip set interface. 


These system interfaces are shown in FIGURE 3-2 "Sys- 
tem Interfaces". 


The KBC uses two data registers (for input and output) and 
a status register to communicate with the PC87317VUL 
central system. Data exchange between these units may be 
based on programmed I/O or interrupt-driven. 


The KBC has two internal interrupts: the Input Buffer Full 
(IBF) interrupt and Timer Overflow interrupt (see FIGURE 
3-1 "KBC System Functional Block Diagram" on page 47). 
These two interrupts can be independently enabled or dis- 
abled by KBC firmware. Both are disabled by a hard reset. 
These two interrupts only affect the execution flow of the 
KBC firmware, and have no connection with the external in- 
terrupts requested by this logical device. 


The KBC can generate two external interrupt requests. 
These request signals are controlled by the KBC firmware 
which generates them by manipulating I/O port signals. See 
Section 3.3.2 "Interrupt Request Signals". 


The PC87317VUL supports the KBC and handles interac- 
tions with the PC chip set. In addition to data transfer, these 
interactions include KBC configuration, activation and sta- 
tus monitoring. The PC87317VUL interconnects with the 
host via one interface that is shared by all chip devices. 
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The KBC clock is generated from the main clock of the chip, 
which may come from an external clock source or from the 
internal frequency multiplier. (See Section 3.3 "DEVICE 
CONFIGURATION" and FIGURE 3-5 "Timing Generation 
and Timer Circuit" on page 50.) The KBC clock rate is con- 
figured by the SIO Configuration Registers. 


3.3. DEVICE CONFIGURATION 


The KBC hardware contains two logical devices—the KBC 
(logical device 0) and the mouse (logical device 1). 


3.3.1. I/O Address Space 


The KBC has two I/O addresses and one IRQ line (KBC 
IRQ) and can operate without the companion mouse. 


The mouse cannot operate without the KBC device. It has 
one IRQ line (mouse IRQ) but has no I/O address. It utilizes 
the KBC I/O addresses. 


3.3.2 


The KBC IRQ and Mouse IRQ interrupt request signals are 
identical to (or functions of) the P24 and P25 signals of the 
8042. These interrupt request signals are routed internally 
to the Plug and Play interrupt Matrix and may be routed to 
user-programmable IRQ pins. Each logical device is inde- 
pendently controlled. 


The Interrupt Select registers (index 70h for each logical de- 
vice) select the IRQ pin to which the corresponding interrupt 
request is routed. The interrupt may also be disabled by not 
routing its request signal to any IRQ pin. 


Bit 0 of the Interrupt Type registers (index 71h for each log- 
ical device) determines whether the interrupts are passed 
(bit O = 0) or latched (bit 0 = 1). If bit 0 = 0, interrupt request 
signals (P24 and P25) are passed directly to the selected 
IRQ pin. If bit 0 = 1, interrupt request signals that become 


Interrupt Request Signals 


Keyboard (and Mouse) Controller (KBC) (Logical Devices 0 and 1 


active are latched on their rising edge, and held until read 
from the KBC output buffer (port 60h). FIGURE 3-3 illus- 


trates the internal interrupt request logic. 


Interrupt 
Polarity 
(0 = Invert) 


Interrupt 
Type 
(1 = Latch) 


Plug and 
Play Matrix 


From KBC IRQ 


KBC IRQ Feedback 
Interrupt Enable 


RD Address |Read 
AEN Decoder 


A15-0 jak i 
nterrup' 
MR Type 


(1 = Latch) 


To Selected KBC IRQ Pin 


Interrupt 
Polarity 
(0 = Invert) 


Plug and 
Play Matrix 


From Mouse IRQ 


Mouse IRQ Feedback 
Interrupt Enable 

RD Address 

AEN Decoder 

A15-0 

MR 


To Selected Mouse IRQ Pin 


Note: 


The EN FLAGS command (used for routing OBF and IBF onto P24 and P25 in the 8042) causes unpredictable results 
and should not be issued. 


FIGURE 3-3. Interrupt Request Logic 


3.3.3 KBC Clock See Section 2.5.1 "Superl/O KBC Configuration Register" 


NOILVYNDSISANOD ADIAAG 


The KBC clock frequency is selected by the Super I/O KBC 
Configuration Register at index FOh of logical device 0 to be 
either 8, 12 or 16 MHz. 16 MHz is not available when the 
clock source on pin X1 is 24 MHz. This clock is generated 
from a 32.768 KHz crystal connected to pins X1C and X2C, 
or from either a 24 MHz or a 48 MHz clock input at pin X1. 


External 
Clock ° > 


Standard or 
Open-Collector 
TTL Driver 


on page 40. The clock source and frequency may only be 
changed when the KBC is disabled. 


For details regarding the configuration of each device, refer 
to TABLES 2-12 "KBC Configuration Registers for Key- 
board - Logical Device 0" and 2-13 "KBC Configuration 
Registers for Mouse - Logical Device 1" on page 34. 


fe) +Voc 


X41 


PC87317VUL 


FIGURE 3-4. External Clock Connection 
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External 
24 or 48 MHz X1 
Clock 


External 


32768 Hz 
Crystal 


Clock 
Source 


Frequency 
Select 


Select 


KBC Clock 


3-State 
Counter 


5-Cycle 
Counter 


32-Bit 
Timer 
Prescaler 


8-Bit Timer 
or Counter 


Overflow 
Flag 


Counter 


TEST1 External Event Input 


Interrupt 


FIGURE 3-5. Timing Generation and Timer Circuit 


3.3.4 


The keyboard controller includes an 8-bit counter, which 
can be used as a timer or an event counter, as selected by 
the firmware. 


Timer or Event Counter 


Timer Operation 


When the internal clock is chosen as the counter input, the 
counter functions as a timer. The clock fed to the timer con- 
sists of the KBC instruction cycle clock, divided by 32. (See 
FIGURES 3-9 "Instruction Timing" on page 52 and 3-5 
“Timing Generation and Timer Circuit".) The divisor is reset 
only by a hardware reset or when the timer is started by an 
STRT T instruction. 


Event Counter Operation 


When the clock input of the counter is switched to the exter- 
nal input (MCLKk), it becomes an event counter. The falling 
edge of the signal on the MCLK pin causes the counter to 
increment. Timer Overflow Flag and Timer interrupt operate 
as in the timer mode. 


3.4 EXTERNAL I/O INTERFACES 


The PC chip set interfaces with the PC87317VUL as illus- 
trated in FIGURE 3-2 "System Interfaces" on page 48. 


All data transactions between the KBC and the PC chip set 
are handled by the PC87317VUL. 


The PC87317VUL decodes all I/O device chip-select func- 
tions from the address bus. The KBC chip-select codes are, 
traditionally, 60h or 64h, as described in TABLE 3-1 "Sys- 
tem Interface Operations" on page 51. (These addresses 
are user-programmable.) 


The external interface includes two sets of signals: the key- 
board and mouse interface signals, and the general-pur- 
pose |/O signals. 
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3.4.1 


Four serial I/O signals interface with the external keyboard 
and mouse. These signals are driven by open-collector driv- 
ers with signals derived from two I/O ports residing on the 
internal bus. Each output can drive 16 mA, making them 
suitable for driving the keyboard and mouse cables. The 
signals are named KBCLK, KBDAT, MCLK and MDAT, and 
they are the logical complements of P26, P27, P23 and 
P22, respectively. 


TESTO and TEST1 are dedicated test pins, internally con- 
nected to KBCLK and MCLK, respectively, as shown in FIG- 
URES 3-1 "KBC System Functional Block Diagram" on 
page 47 and 3-2 "System Interfaces" on page 48. These 
pins may be used as logical conditions for conditional jump 
instructions, which directly check the logical levels at the 
pins. 

KBDAT and MDAT are connected to pins P10 and P11, re- 
spectively. 


MCLK also provides input to the event counter. 


When the KBC is disabled, the KBCLK, KBDAT, MCLK and 
MDAT pins can be put in TRI-STATE. The KBC can be dis- 
abled via the Activate register in logical device 0 or via bit 0 
of FER1 register in logical device 8. The above pins can be 
put in TRI-STATE via bit 0 of the Superl/O KBC Configura- 
tion register in logical device 0 or via bit 0 of the PMC1 reg- 
ister in logical device 8. The Activate register in logical 
device 1 has no effect on these pins. 


Keyboard and Mouse Interface 


3.4.2. General Purpose I/O Signals 


The P12, P16, P17, P20 and P21 general purpose I/O sig- 
nals interface to two I/O ports (port! and port2). P12, P16 
and P17 are mapped to port 1 and P20 and P21 are 
mapped to port 2. 


P12 port’s output can be routed internally to POR and/or 
SCI. (See Section 4.4.3 "System Power-Up and Power-Off 
Activation Event Description" on page 67) 


Keyboard (and Mouse) Controller 


P12, P16 and P17 are driven by quasi-bidirectional drivers. 
(See FIGURE 3-6 "Quasi-Bidirectional Driver".) These sig- 
nals are called quasi-bidirectional because the output buffer 
cannot be turned off (even when the I/O signal is used for 
input). 

During output, a 1 written to output is strongly pulled up for 
the duration of a (short) write pulse, and thereafter main- 
tained by a high impedance “weak” active pull-up (imple- 
mented by a degenerated transistor employed as a 
switchable pull-up resistor). A series resistor to those port 


KBC) (Logical Devices 0 and 1 


lines used for input is recommended to limit the surge cur- 
rent during the strong pull-up. See FIGURE 3-7 “Current 
Limiting Resistor". 

Ifa 1 is asserted, an externally applied signal may pull down 
the output. Therefore, input from this quasi-bidirectional cir- 
cuit can be correctly read if preceded by a 1 written to out- 
put. 


P20 and P21 are driven by open-drain drivers. 
When the KBC is reset, all port data bits are initialized to 1. 


Internal Bus 


FIGURE 3-6. Quasi-Bidirectional Driver 


R 
Wy 


Port Pin 


100 - 500 


PC87317VUL 
Port Pin 


R 
100 - 5002 q 


R: current limiting resistor 


A small-value series current limiting 
resistor is recommended when 
port pins are used for input. 


FIGURE 3-7. Current Limiting Resistor 


3.5 INTERNAL KBC - PC87317VUL INTERFACE 


The KBC interfaces internally with the PC87317VUL via 
three registers: an input (DBBIN), output (DBBOUT) and 
status (STATUS) register. See FIGURE 3-1 "KBC System 
Functional Block Diagram" on page 47 and TABLE 3-1 
"System Interface Operations". 


TABLE 3-1 "System Interface Operations" illustrates the 
use of address line A2 to differentiate between data and 
commands. The device is selected by chip identification of 
default address 60h (when A2 is 0) or 64h (when A2 is 1). 
After reset, these addresses can be changed by software. 
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TABLE 3-1. System Interface Operations 


Default 


Addresses Operation 


60h Read DBBOUT 


Write DBBIN, F1 Clear (Data) 


Read STATUS 


Write DBBIN, F1 Set (Command) 
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Keyboard (and Mouse) Controller (KBC) (Logical Devices 0 and 1 


3.5.1. The KBC DBBOUT Register, Offset 60h, 


Read Only 


The DBBOUT register transfers data from the keyboard 
controller to the PC87317VUL. It is written to by the key- 
board controller and read by the PC87317VUL for transfer 
to the PC. The PC may be notified of the need to read data 
from the KBC by an interrupt request or by polling the Out- 
put Buffer Full (OBF) bit (bit 0 of the KBC STATUS register 
described in Section 3.5.3 "The KBC STATUS Register"). 


3.5.2. The KBC DBBIN Register, Offset 60h (F1 Clear) 


or 64h (F1 Set), Write Only 


The DBBIN register transfers data from the PC87317VUL 
system to the keyboard controller. (This transaction is trans- 
parent to the user, who should program the device as if di- 
rect access to the registers were in effect.) 


When data is received in this manner, an Input Buffer Full 
(IBF) internal interrupt may be generated in the KBC, to deal 
with this data. Alternatively, reception of data in this manner 
can be detected by the KBC polling the Input Buffer Full bit 
(IBF, bit 1 of the KBC STATUS register). 


3.5.3 The KBC STATUS Register 


The STATUS register holds information regarding the sys- 
tem interface status. The bitmap below shows the bit defini- 
tion of this register. This register is controlled by the KBC 
firmware and hardware, and is read-only for the system. 


7 6 5 4 3 2 0 KBC Status Register 


Offset 64h 
Read Only 


OBF Output Buffer Full 
IBF Input Buffer Full 
FO General Purpose Flag 
F1 Command or Data Flag 


an Purpose 
Flags 


FIGURE 3-8. KBC STATUS Configuration Register Bit- 
map 


$1 


$2 


$3 


Bit 0 - OBF, Output Buffer Full 


A 1 indicates that data has been written into the DB- 
BOUT register by the KBC. It is cleared by a system 
read operation from DBBOUT. 


Bit 1 - IBF, Input Buffer Full 


When awrite operation is performed by the host system, 
this bit is set to 1, which may be set up to trigger the IBF 
interrupt. Upon executing an IN A, DBB instruction, it is 
cleared. 


Bit 2 - FO, General Purpose Flag 


A general purpose flag that can be cleared or toggled by 
the keyboard controller firmware. 


Bit 3 - F1, Command/Data Flag 


This flag holds the state of address line A2 while a write 
operation is performed by the host system. It distin- 
guishes between commands and data from the host 
system. In this device, a write with A2 = 1 (hence Fi = 
1) is defined as a command, and A2 = 0 (hence F1 = 0) 
is data. 


Bits 7-4, General Purpose Flags 
These flags may be modified by KBC firmware. 


3.6 INSTRUCTION TIMING 


The KBC clock is first divided by 3 to generate the state tim- 
ing, then by 5 to generate the instruction timing. Thus each 
instruction cycle consists of five states and 15 clock cycles. 


Most keyboard controller instructions require only one in- 
struction cycle, while some require two cycles. Refer to the 
8042 or PC87323VUL instruction set for details. 


KBC CLK DU eee PUL 


FIGURE 3-9. Instruction Timing 
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1 Instruction Cycle = 15 Clock Cycles 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.0 Real-Time Clock (RTC) and 
Advanced Power Control (APC) 
(Logical Device 2) 


The RTC logical device contains two major functions: the 
Real-Time Clock (RTC) and Advanced Power Control 
(APC). 


The RTC is a timekeeping module that provides a time of 
day clock and a multi-century calendar, alarm facilities and 
three programmable timer interrupts. It maintains valid time- 
keeping and retains RAM contents during power-down us- 
ing external battery backup power and offers RAM-Lock 
schemes and Power Management options. 


RTC software module is compatible with the DS1287 and 
MC146818 clock chips. (The RTC module differs from 
these two chips in the following feature: Port 70 is read/write 
in this module, and is write-only in the DS1287 and 
MC146818.) 


The APC function enables automatic PC system power- 
state control in response to external events, adding power 
management ability to the PC host system. 


Automatic Power-Up switching enables efficient use of the 
PC system in applications which are typically powered up at 
all times, such as telephone answering machines or fax re- 
ceivers. Automatic Power-Down switching enables a con- 
trolled power-down sequence when switched off by the 
user. 


The PC87317VUL APC module supports a variety of exter- 
nal General Purpose Power Management interrupts, giving 
the user software - selectable input signal definition for each 
individual input. It maintains a specific Power Management 
Timer for implementing operational logic and generating the 
appropriate interrupt request. 


The module complies with the ACPI (Rev 1.0) standard def- 
inition. 

Battery-Backed Register Banks and RAM 

The RTC and APC module has three battery-backed regis- 
ter banks. Two are used by the logical units themselves. 


The host system uses the third for general purpose battery- 
backed storage. 


Battery-backup power enables information retention during 
system power down. 


The banks are: 
© Bank 0 - General Purpose Register Bank 
® Bank 1 - RTC Register Bank 


® Bank 2 - APC Register Bank 


The memory maps and register content for each of the three 
banks are illustrated in Section 4.9 "REGISTER BANK TA- 
BLES" on page 89. 


The lower 64-byte locations of the three banks are shared. 
The first 14 bytes store time and alarm data and contain 
control registers. The next 50 bytes are general purpose 
memory. 


The upper 64 bytes of bank addresses are utilized as fol- 
lows: 


® Bank O supplies an additional 64 bytes of memory 
backed RAM. 


® Bank 1 uses the upper 64 bytes for functions specific 
to the RTC activity and for addressing Upper RAM. 


53 


© Bank 2 uses the upper 64 bytes for functions specific 
to the APC activity. 


The active bank is selected by setting RTC Control Register 
A (CRA) bits 6-4 (DV2-0). (See TABLE 4-3 "Divider Chain 
Control and Bank Selection" on page 57.) 


All RTC register are accessed by an Index and a Data reg- 
ister (at base address and base address+1). The Index reg- 
ister points to the register location being accessed, and the 
Data register contains the data to be transferred to or from 
the register. An additional 128 bytes of battery-backed RAM 
(also called upper RAM) may be accessed via a second lev- 
el address: the second level uses the upper RAM Index reg- 
ister at index 50h of bank 1 and the upper RAM Data 
register at index 53h of bank 1. 


Access to the three register banks and RAM may be locked. 
For details see Section 4.5.8 "RAM Lock Register (RLR)" on 
page 72. 


4.1. RTC OVERVIEW 


RTC operation is controlled using the control registers listed 
in TABLE 4-1 "RTC Control Registers" below. These regis- 
ters appear in all the RTC register banks. See Section 4.9 
"REGISTER BANK TABLES" on page 89. 


TABLE 4-1. RTC Conirol Registers 


Name Description 


CRA 
CRB 
CRC 
CRD 
DMAR 
MAR 


RTC Control Register A 
RTC Control Register B 
RTC Control Register C 
RTC Control Register D 


Day-of-Month Alarm Register 


Month Alarm Register 


CR Century Register 


1. These registers have relocatable indexes. 
See register descriptions. 


RTC configuration registers within the PC87317VUL store 
the settings for all interface, configuration and power man- 
agement options. These registers are described in detail in 
Section 2.3 "THE CONFIGURATION REGISTERS" on 
page 29. 


The RTC employs an external crystal connected to an inter- 
nal oscillator circuit or an optional external clock input, as 
the basic clock for timekeeping. 


Local battery-backed RAM serves as storage for all time- 
keeping functions. 


4.1.1. RTC Hardware and Functional Description 


Bus Interface 


The RTC function is initially mapped to the default I/O reg- 
isters at addresses 70h (index) and 71h (data) within the 
PC87317VUL. These registers may be reassigned, in com- 
pliance with the Plug and Play requirements. See Section 
2.2 "SOFTWARE CONFIGURATION" on page 28. 
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External Clock and Timing Generation 


The RTC can use one of the following timekeeping input 
clock options: 


© A 32768 Hz crystal connected externally at the X1C 
and X2C pins completes an oscillator circuit and gen- 
erates the 32768 Hz input clock. (See FIGURE 4-1 
"Oscillator Internal and External Circuitry" on page 
54.) 


© An external clock may be connected to pin X1C. 


The time generation function divides the 32.768 KHz by 21° 
to derive a 1 Hz signal which serves as the input for time- 
keeping functions. Bits 6-4 of RTC Control Register A 
(CRA) control the activity and location of the divider chain in 
memory. Bits 3-0 of the CRA register select one of fifteen 
taps from the divider chain to be used as a periodic inter- 
rupt. See Section 4.2.1 "RTC Control Register A (CRA)" on 
page 56 for a description of divider configurations and rate 
selections. 


The divider chain is reset to 0 by bits 6-4 of the CRA regis- 
ter. An update occurs 500 msec after the divider chain is ac- 
tivated by setting normal operational mode (bits 6-4 of CRA 
= 010). The periodic flag becomes active one half of the pro- 
grammed period after the divider chain is activated. 
FIGURE 4-1 "Oscillator Internal and External Circuitry" il- 
lustrates the internal and external circuitry that comprise the 
oscillator. 


X2C] Internal 
External 


RExT 

Rex = 120 KO 
Ct = 10 pF 

C2 = 33 pF 
Cparasitic = 8 pF 


C2 


+ 


FIGURE 4-1. Oscillator Internal and External Circuitry 


This oscillator is active under normal power or during power 
down. It stops only in the event of a power failure with the 
oscillator disabled (see “Oscillator Activity” on page 56), or 
when battery backup power drops below Vpa;(Min) (see 
TABLE 14-1 "Recommended Operating Conditions" on 
page 232). 


If oscillator input is from an external source, input should be 
driven rail to rail and should have a nominal 50% duty cycle. 
In this case, oscillator output X2C should be disconnected 
and internal oscillator should be disabled. 


External capacitor values should be chosen to provide the 
manufacturer’s specified load capacitance for the crystal 
when combined with the parasitic capacitance of the trace, 
socket, and package, which can vary from 0 to 8 pF. The 
rule of thumb in choosing these capacitors is: 

Cy, = (C1 * C2) + (C1 + C2) + Cparasitic 

C2>C1 


C1 can be trimmed to achieve precisely 32768.0 Hz after in- 
sertion. 
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Start-up time for this oscillator may vary from two to seven 
seconds due to the high Q of the crystal. The parameters 
below describe the crystal requirements: 


Parallel, resonant, tuning fork (N cut) or XY bar 
Q = 35000 
Load Capacitance (C_) 9 to 13 pF 
Accuracy and temperature coefficients are user defined. 


4.1.2 


Time is kept in BCD or binary format as determined by bit 2 
(DM) of Control Register B (CRB). Either 12 or 24 hour rep- 
resentation for the hours can be maintained as determined 
by bit 1 of CRB. When changing formats, the time registers 
must be re-initialized to the corresponding data format. 


Timekeeping 


Daylight savings time and leap year exceptions are handled 
by the timekeeping function. When bit 0 (the Daylight Sav- 
ing Enable bit, DSE) of CRB is set to 1, time advances from 
1:59:59 AM to 3:00:00 on the first Sunday in April, and 
changes from 1:59:59 to 1:00:00 on the last Sunday of Oc- 
tober. In leap years, February is extended to 29 days. 


Updating 


Timekeeping is performed by hardware updating a pre-pro- 
grammed time value once per second. The preprogrammed 
values are written by the user to the following locations: 


The values for seconds, minutes, hours, day of week, date 
of Month, month and year are located in the common stor- 
age area in all three memory banks (See TABLE 4-19 
"Banks 0, 1 and 2 - Common 64-Byte Memory Map" on 
page 89). The century value is located in the Century Reg- 
ister (See Section 4.2.7 on page 59). 


Users must ensure that reading or writing to the time stor- 
age registers does not coincide with a system update of 
these registers, which would cause invalid and unpredict- 
able results. 


There are several ways to avoid this contention. Four op- 
tions follow: 


Method 1 - Set the SET bit (bit 7 of the CRB register) to 1. 


This takes a “snapshot” of the internal time registers and 
loads it into the user copy. If user copy registers have 
been updated, the user copy updates the internal regis- 
ters when the SET bit goes from 1 to 0. This mechanism 
enables loading new time parameters into the RTC. 


Method 2 - Access after detection of an Update-Ended in- 
terrupt. 


This implies that an update has just completed and 
there are 999 msec remaining until the next occurrence. 


Method 3 - Poll Update-In-Progress (UIP) (bit 7 in Control 
Register A). 
The update occurs 244 usec after the update-in- 
progress bit goes high. Therefore if a 0 is read, there is 
a minimum of 244us in which the time is guaranteed to 
remain stable. 


Method 4 - Use a periodic interrupt to determine if an up- 
date cycle is in progress. 


The periodic interrupt is first set to a desired period. Pe- 
riodic interrupt appearance then indicates there is a pe- 
riod of (Period of periodic interrupt + 2 + 244 usec) 
remaining until another update occurs. 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 
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Power Supply Module 
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RTC 
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APC CCH 


External AC Power 


Modules 


Veat Power 


FIGURE 4-2. PC87317VUL Power Supplies 


Alarms 


The timekeeping function may generate an alarm when the 
current time reaches a stored alarm time. After each RTC 
time update, the seconds, minutes, hours, day-of-month 
and month storage registers are compared with their coun- 
terparts in the alarm storage registers. 


If equal, the alarm flag is set in Control Register C (CRC). If 
the Alarm Interrupt Enable bit is set in Control Register B, 
then setting the Alarm flag generates an RTC interrupt. 


Any alarm register may be set to a “Don’t Care” state by set- 
ting bits 7,6 to 11. This results in periodic alarm activation at 
an increased rate whose period is that of the Don’t Care 
register, e.g., if bits 7,6 of the hours register is set to 11(its 
*Don’t care” value), the alarm will be activated every hour. If 
the day-of-month register is set to its Don’t care” value, the 
alarm will be activated daily at the time defined by the re- 
maining alarm values. 


The seconds, minutes and hours alarm registers are shared 
with the wake-up function, and are located at indexes 01h, 
03h and 05h of banks 0, 1 and 2, respectively. The day-of- 
month alarm register is configurable. It may reside in bank 
0 or bank 1. Upon first power-on, it resides in bank 1, Index 
49h. The register is configured via the DADDR register in 
bank 2. The month alarm register is also configurable and 
may reside in bank 0 or bank 1. Upon first power-on, it re- 
sides in bank 1, Index 4Ah. The register is configured via 
the MADDR register in bank 2. For more details, see the 
RTC and APC Registers. 


The century register is configurable. It may reside in bank 0 
or bank 1. Upon first power-on, it resides in bank 1, Index 
48h. The register is configured via the CADDR register in 
bank 2. For more details, see the RTC and APC Registers. 


4.1.3. Power Management 


The host PC and PC87317VUL power is supplied by the 
system power supply voltage, Vpp See FIGURE 4-2 
"PC87317VUL Power Supplies". 


A trickle voltage (Vcc) from the external AC power supply 
powers the RTC and APC under normal conditions. The 
Vpp voltage reaches the RTC/APC as a sense signal, to de- 
termine the presence or absence of a valid Vpp supply. 
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A battery backup voltage Vpat maintains RTC/APC time- 
keeping and backup memory storage when the Vccy volt- 
age is absent, due to power failure or disconnection of the 
external AC input power supply. 


The APC function produces the ONCTL signal, which con- 
trols the Vpp power supply voltage. (See Section 4.4.1 "The 
ONCTL Flip-Flop and Signal" on page 62.) 


To ensure proper operation, a 500 mV differential is needed 
between VocH and VBAT: 


See FIGURE 4-3 "Typical Battery Configuration". No exter- 
nal diode is required to meet the UL standard, due to the in- 
ternal serial resistor. 


VocH 
VocH 


PC87317VUL 


FIGURE 4-3. Typical Battery Configuration 


System Bus Lockout 


As the RTC switches to battery power, all input signals are 
locked out so that the internal registers can not be modified 
externally. 


Power Up Detection 


When system power is restored after a power failure, the 
power failure lock condition continues for a delay of 62 
msec (minimum) to 125 msec (maximum) after the RTC 
switches from battery power to system power. 


The power failure lock condition is switched off immediately 
in the following situations: 


© If the Divider Chain Control bits (DV2-0, bits 6-4 in Con- 
trol Register A) specify any mode other than 010, 100 or 
011, all input signals are enabled immediately upon de- 
tection of system voltage above that of the battery volt- 
age. 


www.national.com 


MAIAYSAO OLY 


SYALSISAY OLY AHL 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


© When battery voltage is below 1 volt and MR is 1, all in- 
put signals are enabled immediately upon detection of 
system voltage above that of battery voltage. This also 
initializes registers at indexes 00h through ODh. 


If the VRT bit (bit 7 in Control Register D) is 0, all input 
signals are enabled immediately upon detection of sys- 
tem voltage above that of battery voltage. 


Oscillator Activity 


The RTC internal oscillator circuit is active whenever power 
is supplied to the RTC with the following exceptions: 


® Software wrote 000 or 001 to the Divider Chain Con- 
trol bits (DV2-0), i.e., bits 6-4, of Control Register A, 
and the RTC is supplied by Vgar or 


© The RTC is supplied by Vaart and the VRT bit of Con- 
trol Register D is 0. 


These conditions disables the oscillator. 
When the oscillator becomes inactive, the APC is disabled. 


4.1.4 


The RTC logic device has a single Interrupt Request line, 
IRQ, which handles three interrupt conditions. The Periodic, 
Alarm, and Update-Ended interrupts are generated (IRQ is 
driven low) if the respective enable bits in Control Register 
B are set when an interrupt event occurs. 


Reading RTC Control Register C (CRC) clears all interrupt 
flags. Thus, it is recommended that when multiple interrupts 
are enabled, the interrupt service routine should first read 
and store the CRC register, then deal with all pending inter- 
rupts by referring to this stored status. 


Interrupt Handling 


If an interrupt is not serviced before a second occurrence of 
the same interrupt condition, the second interrupt event is 
lost. FIGURE 4-5 "Interrupt/Status Timing" on page 57 illus- 
trates interrupt and status timing in the PC87317VUL. 


4.2 THE RTC REGISTERS 


The RTC registers can be accessed at any time during non- 
battery backed operation. The registers are listed in TABLE 
4-1 "RTC Control Registers" on page 53 and described in 
detail in the sections that follow. 


The RTC registers and the RAM cannot be written to before 
reading the VRT bit (bit 7 of the Section 4.2.4 "RTC Control 
Register D (CRD)" on page 58), thus preventing bank selec- 
tion and other functions. The user must read the VRT bit as 
part of the startup activity in order to be able to access the 
RTC/APC registers. 


For registers with reserved bits, the “Read-Modify-Write” 
technique should be used. 
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4.2.1_ RTC Control Register A (CRA) 


The CRA register controls periodic interrupt rate selection 
and bank selection. 


Bits 3-0 - Periodic Interrupt Rate Select (RS3-0) 


These read/write bits select one of fifteen output taps 
from the clock divider chain to control the rate of the peri- 
odic interrupt. See TABLE 4-2 "Periodic Interrupt Rate 
Encoding" below and FIGURE 4-5 "Interrupt/Status Tim- 
ing" on page 57. 

Master reset does not affect these bits. 


RTC Control 
Register A 
(CRA) 

Index OAh 


7 6 5 4 3 2 1 
Power-Up 


Oono0000 Ae 
i ee Required 


RSO 

RS1 
RS2 
RS3 
Dvo 
Dv1 
_ pve 
UIP 


TABLE 4-2. Periodic Interrupt Rate Encoding 


RS3-0 
3210 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 

011 

100 

101 

110 

ard 


Periodic Interrupt Rate 


none 
3.90625 
7.8125 
122.070 
244.141 
488.281 
976.562 
1.953125 
3.90625 
7.8125 
15.625 
31.25 
62.5 
125 
250 
500 


Bits 6-4 - Divider Chain Control (DV2-0) 


These read/write bits control the configuration of the di- 
vider chain for timing generation and memory bank se- 
lection, as shown in TABLE 4-3 "Divider Chain Control 
and Bank Selection" on page 57. 

Master reset does not affect these bits. 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


TABLE 4-3. Divider Chain Control and Bank Selection 


Selected 


Bank Configuration 


Bank 0 Oscillator Disabled! 


Bank 0 


Oscillator Disabled! 


Bank 0 
Bank 1 
Bank 2 
Undefined 
Bank 0 
Bank 0 


Normal Operation 


Normal Operation 


Normal Operation 


Test 


Divider Chain Reset 


Divider Chain Reset 


1. The oscillator stops in this case only in the event 
of a power failure. 


Bit 7 - Update in Progress (UIP) 
This read only bit is not affected by reset. 


0: An update will not occur within the next 244 usec. 


Bit 7 (the SET bit) of Control Register B (CRB) is 1. 
1: Timing registers are updated within 244 usec. 


4.2.2 RTC Control Register B (CRB) 


This register enables the selection of various time and date 
options, as well as the use of interrupts. 


7 6 5 4 3 2 RTC Control 
Register B 
(CRB) 


Index OBh 


— PIE 
— SET 


FIGURE 4-4. CRB Register Bitmap 


Bit 0 - Daylight Savings Enable (DSE) 
Master reset does not affect this read/write bit. 
0: Disables the daylight savings feature. 
1: Enables daylight savings feature, as follows: 


In the spring, time advances from 1:59:59 to 
3:00:00 on the first Sunday in April. 


In the fall, time returns from 1:59:59 to 1:00:00 on 
the last Sunday in October. 
Bit 1 - 24 or 12 Hour Mode 
This is a read/write bit that is not affected by reset. 
0: Enables 12 hour format. 
1: Enables 24 hour format. 


Bit 2 - Data Mode (DM) 
This is a read/write bit that is not affected by reset. 
0: Enables BCD format. 
1: Enables binary format. 


A ~?—1___1__ >| B 


UF bit of CRC 


C 


PF bit of CRC 


E 


AF bit of CRC / \\ 


Update In Progress (UIP) bit high before update occurs = 244 usec 
Periodic interrupt to update = Period (periodic int) / 2 + 244 usec 
Update to Alarm Interrupt = 30.5 us 


Update In Progress status bit 


Update-Ended Interrupt Flag (Update-Ended Interrupt if enabled) 
Periodic Flag (Periodic Interrupt if enabled) 
Alarm Flag (Alarm Interrupt if enabled) 


Flags (and IRQ) are reset at the conclusion of Control Register C (CRC) read or by reset. 


FIGURE 4-5. Interrupt/Status Timing 
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Bit 3 - Unused 


This bit is defined as “Square Wave Enable” by the 
MC146818 and is not supported by the RTC. This bit is 
always read as 0. 


Bit 4 - Update-Ended Interrupt Enable (UIE) 
Master reset forces this read/write bit to 0. 
0: Disables generation of the Update-Ended interrupt. 


1: Enables generation of the Update-Ended interrupt. 
This interrupt is generated at the time an update 
occurs. 


Bit 5 - Alarm Interrupt Enable (AIE) 
Master reset forces this read/write bit to 0. 
0: Disables generation of the alarm interrupt. 


1: Enables generation of the Alarm interrupt. The 
alarm interrupt is generated immediately after a 
time update in which the Seconds, Minutes, Hours 
Day-of-month and Month time equal their respec- 
tive alarm counterparts. 


Bit 6 - Periodic Interrupt Enable (PIE) 
Master reset forces this read/write bit to 0. 
0: Disables generation of the Periodic interrupt. 


1: Enables generation of the Periodic interrupt. Bits 3- 
0 of Control Register A (CRA) determine the rate of 
the Periodic interrupt. 


Bit 7 - Set Mode (SET) 
Master reset does not affect this read/write bit. 
0: The timing updates occur normally. 


1: The user copy of time is “frozen”, allowing the time 
registers to be accessed without regard for an oc- 
currence of an update. 


4.2.3. RTC Control Register C (CRC) 
This register indicates the status of interrupt request flags. 


RTC Control 
Register C 
(CRC) 

Index 0Ch 


7 6 5 4 3 2 1 
Power-Up 


[op ope] op oy oy offen 
LT | f°} 9} 2] OfReauirea 


Reserved 


— PF 
_ IROF 


FIGURE 4-6. CRC Register Bitmap 


Bits 3-0 - Reserved 
These bits are reserved and always return 0000. 


Bit 4 - Update-Ended Interrupt Flag (UF) 


Master reset forces this read-only bit to 0. In addition, 


this bit is reset to 0 when this register is read. 
0: No update has occurred since the last read. 
1: Time registers have been updated. 
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Bit 5 - Alarm Interrupt Flag (AF) 
Master reset forces this read-only bit to 0. 
0: No alarm was detected since the last read. 


1: An alarm condition was detected. This bit is reset 
to 0 when this register is read. 


Bit 6 - Periodic Interrupt Flag (PF) 


Master reset forces this read-only bit to 0. In addition, 
this bit is reset to 0 when this register is read. 


0: Indicates no transition occurred on the selected tap 
since the last read. 


1: A transition occurred on the selected tap of the di- 
vider chain. 


Bit 7 - Interrupt Request Flag (IRQF) 


This read-only bit is the inverse of the value on the IRQ 

output signal of the RTC/APC. 

0: IRQ is inactive (high). 

1: IRQ is active (low) and any of the following condi- 
tions exists: both PIE and PF are 1; both AIE and 
AF are 1; both UIE and UF are 1. (PIE, AIE and 
UIE are bits 6, 5 and 4, respectively of the CRB 
register.) 


4.2.4 RTC Control Register D (CRD) 
This register indicates the validity of the RTC RAM data. 


7 6 5 4 3 2 1 


RTC Control 
Register D 
(CRD) 

Index ODh 


= padre 
Reset 


| Lf 87 0} of 8] 0] Ol Required 


Reserved 


— VRT 
FIGURE 4-7. CRD Register Bitmap 


Bits 6-0 - Reserved 
These bits are reserved and always return 0. 


Bit 7 - Valid RAM and Time (VRT) 

The VRT bit senses the voltage that feeds this logical 
device (VcocH Or Vgat) and indicates whether or not it 
was too low since the last time this bit was read. If it was 
too low, the RTC and RAM data are not valid. 

This read-only bit is set to 1 when this register is read. 
0: The voltage that feeds the APC/RTC logical device 

was too low. 


1: The RTC and RAM data are valid. 


WARNING: 


If VocH ramps down at a rate exceeding 1 V/msec, it 
may reset this bit. 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.2.5 Date-of-Month Alarm Register (DMAR 


This register contains the Day-of-Month alarm setting and 
its “don’t care” enable bits. Upon first power-up it is located 
at Bank 1, Index 49h and is initialized to COh. 


This register can be relocated anywhere in bank 0 or bank 
1. Its location is programmed via the Section 4.5.16 "Day- 
of-Month Alarm Address Register (DADDR)" on page 77. 
Master Reset does not affect the Day-of-Month Alarm reg- 
ister. 


7 6 5 4 3 2 1 ~«0 Date-of-Month Alarm 


Register 
PE TT TT Requires 


(DMAR) 
Relocatable Index 
in BankO or Bank1 


Day-of-Month 
Alarm Bits 


“Don’t Care” control bits 


FIGURE 4-8. DMAR Register Bitmap 


Bits 5-0 - Date-of-Month Alarm Bits 


These read/write bits hold the Day-of-Month alarm value. 
These six bits are set to the value of 0 upon first power-up, 
and are unaffected by system resets. The legal values for 
these six bits are, 00 to 31 in BCD format, and 00 to 1F in 
binary format. Other values may cause unpredictable re- 
sults. The BCD or Binary format is set by the DM bit, ex- 
plained in Section 4.2.2 "RTC Control Register B (CRB)" on 
page 57. 


Bits 7,6 - “Don’t Care” Control Bits 


The Day-of-Month Alarm is “Don’t Care” when bits 6 and 7 
are set to 11. 


4.2.6 Month Alarm Register (MAR) 


This register contains the Month Alarm setting and its “don’t 
care” enable bits. 


Upon first power on, the Month Alarm register is located at 
bank 1, Index 4Ah and is initialized to COh. The default val- 
ue is not guaranteed to any other location of the Month 
Alarm Register. 


This register can be relocated anywhere in bank 0 or bank 
1. Its location is programmed via the MADDR Register, as 
explained in Section 4.5.17 "Month Alarm Address Register 
(MADDR)" on page 77. 


Master Reset does not affect the Month Alarm register. 
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Month Alarm 
Register 
(MAR) 


7 6 5 4 3 2 1 
Power-Up 


TT opopo op opo Reset 
PE TT TT require 


Relocatable Index 
in BankO or Bank1 


Month 
Alarm Bits 


“Don’t Care” control bits 
FIGURE 4-9. MAR Register Bitmap 


Bits 5-0 - Day-of-Month Alarm Bits 


These read/write bits hold the month alarm value. These six 
bits are set to the value of 0 upon first power-up, and are un- 
affected by system resets. The legal values for these six bits 
are, 01 to 12 in BCD format, and 00 to OC in binary format. 
Other values may cause unpredictable results. The BCD or 
Binary format is set by the DM bit of the CRB Register, as 
explained in Section 4.2.2 "RTC Control Register B (CRB)" 
on page 57. 


Bits 7,6 - “Don’t Care” Control Bits 


The Month Alarm is “Don’t Care” when bits 6 and 7 are set 
to 11. 


4.2.7 
This register holds the century. 


Century Register (CR) 


Upon first power on, the Century Register resides in Bank 
1, Index 48h and holds 00h.This register can be relocated 
anywhere in bank 0 or bank 1. Its location is programmed 
via the CADDR Register, as described in Section 4.5.18 
"Century Address Register (CADDR)" on page 77. 


Master Reset does not affect this register. 


Century 
Register 
(CR) 


7 6 5 4 3 2 1 
Power-Up 


DOOOO00 Reset 
PE Requires 


Relocatable Index 
in BankO or Bank1 


Century 
Bits 


FIGURE 4-10. MAR Register Bitmap 


Bits 7 -0 
These read/write bits hold the century value. 
4.3 APC OVERVIEW 


Advanced Power Supply Control (APC) is implemented 
within the RTC logical device. It enables the PC to power up 
automatically in response to pre-programmed external 
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events, or to power down in an orderly, controlled manner. 
The APC assumes the function of the physical power supply 
On/Off switch, which is replaced by a momentary switch 
that enables the user to signal requests for power-state 
changes to the APC. 


The APC device is powered at all times that external AC 
power or battery backup power are connected to the RTC 
device. This is true even though the PC may be switched off 
or disconnected from the external AC power outlet, in which 
case the APC device is active but does not activate system 
power. The APC device controls the power state of the en- 
tire PC system in response to various events (including the 
power-on or power-off switch event). 


WARNING: 


The APC device does not function if the 32.768 KHz os- 
cillator is not running. 


The APC function produces four output signals: 
the ONCTL signal - to activate the system power supply 


the Power-Off-Request (POR) - an interrupt request 
signal designed to enable software-controlled power 
off activity 


the SCI interrupt request - to comply with ACPI speci- 
fications for system power management. 


© The LED signal - to drive an external LED status indicator 


ONCTL: The ONCTL signal is intended to activate or deac- 
tivate the system power supply. 


The ONCTL’s value depends on the following: 


© External events 

© Programmable parameter settings 

® The system’s state when an external event occurs 
® The state of the system’s power supply. 


POR: The APC generates a Power-Off-Request (POR) (as 
an interrupt request signal) in response to various “Power 
Off events”, including the “Switch Off event” generated 
when the power switch is manually toggled. This enables 
various user-selectable choices of system response when 
returning from a power Failure, or a software controlled exit 
procedure (analogous to the autoexec.bat startup pro- 
cedure in DOS operating systems) with automatic activation 
of preprogrammed features such as system status backup, 
system activity logging, file closing and backup, remote 
communications termination, print completion, etc. 


SCI: The APC meets ACPI requirements, with additional 
optional features (see “ACPI Compliance” below). An SCI 
interrupt is generated to send ACPI-relevant notifications to 
the host operating system. (See “The SCI Signal” on page 
69.) 


LED: The APC supplies a programmable LED signal output 
that may directly drive an external LED to indicate system 
status under various power states (See TABLE 4-7 "LED 
signal outputs" on page 68). 


NOTE: The APC can distinguish between two events of the 
same type if a minimum time of 2.5 periods of the 32Khz 
clock passed between their arrivals. Thus, if the APC de- 
tects an event, and another event of the same nature occurs 
once again in less than 70us from the previous event, the 
APC might not detect the second event, i.e., the event will 
be lost. 
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ACPI Compliance 


The PC87317 supports all the minimum requirements of the 
ACPI spec (Rev 1.0): 


© Power Management Timer. 

© Power Button. 

© Real Time Clock Alarm. 

® Suspend modes via software emulation. 

® Plug-and-Play SCI. 

The following optional features are also supported: 
© Global Lock mechanism. 

® General Purpose events. 

® Day-of-Month Alarm. 


© Century byte. 


Several programmable General Purpose Power Manage- 
ments events may be utilized to wake-up the system or to 
generate interrupts, as listed in “General Purpose Power 
Management Events” on page 68. The module includes a 
Power Management timer that can generate interrupt re- 
quests. 


TABLE 4-4 "APC Control and Status Register List" lists the 
registers used for Automatic Power Supply Control (APC) in 
the PC87317VUL. 


TABLE 4-4. APC Control and Status Register List 


Index | Mnemonic Description 


40h 
41h 
49h 
4Ah 
4Bh 
4Ch 
4Dh 
42h 
4Eh 
47h 
4Fh 


APCR1 
APCR2 
APCR3 
APCR4 
APCR5 
APCR6 
APCR7 
APSR 
APSR1 
RLR 
DADDR 


APC Control Register 1 
APC Control Register 2 
APC Control Register 3 
APC Control Register 4 
APC Control Register 5 
APC Control Register 6 
APC Control Register 7 
APC Status Register 
APC Status Register 1 
RAM Lock Register 


Day-of-Month Alarm Address 
Register 


50h 
51h 
43h 
44h 
45h 
46h 
48h 


MADDR 
CADDR 
WDW 
WDM 
WM 
WY 
WC 


Month Alarm Address Register 


Century Address Register 
Wake up Day of Week 
Wake up Date of Month 
Wake up Month 


Wake up Year 


Wake up Century 


The ACPI Fixed Registers include four groups of registers, 
as listed below. 
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TABLE 4-5. ACPI Fixed Register List. 


Offset Mnemonic Description 


PM1 Event Registers (Status and Enable registers) 


00h |PM1_STS_ LOW |PM 1 Status Low Byte Register 


01h |PM1_STS_HIGH 
02h |PM1_EN LOW 


PM 1 Status High Byte Register 
PM 1 Enable Low Byte Register 


03h |PM1_EN_ HIGH |PM 1 Enable High Byte Register 


PM1 Control Registers 


00h |PM1_CNT_LOW |PM 1 Control Low Byte Register 


01h |PM1_CNT_HIGH |PM 1 Control High Byte Register 


PM Timer Registers 
00h |PM1_TMR_LOW |PM Timer Low Byte Register 


01h |PM1_TMR_MID_ |PM Timer Middle Byte Register 


02h |PM1_TMR_HIGH|PM Timer High Byte Register 


03h |PM1_TMR_EXT |PM Timer Extended Byte Register 


General Purpose Event Registers 


00h |GP1_STSO 
O1h |GP1_STS1 


General Purpose 1 Status 0 Reg. 


General Purpose 1 Status 1 Reg. 


02h |GP1_STS2 General Purpose 1 Status 2 Reg. 


03h |GP1_STS3 General Purpose 1 Status 3 Reg. 


04h |GP1_ENO General Purpose 1 Enable 0 Reg. 


05h |GP1_EN1 General Purpose 1 Enable 1 Reg. 


06h |GP1_EN2 
07h |GP1_EN3 


General Purpose 1 Enable 2 Reg. 
General Purpose 1 Enable 3 Reg. 


08h |GP2_ENO General Purpose 2 Enable 0 Reg. 


O9h- 


OBh Reserved 


0Ch 


ODh- 
OFh 


SMI_CMD SMI Command Register 


Reserved 


The Power Management events are user-controlled via the 
PM1 Event Registers: the enable bits in these registers give 
the user the ability to tailor system response by enabling or 
disabling Power Management options, and monitoring them 
via the status bits. (e.g. Power Button, Real-Time Clock 
Alarm or Wake State enabling or monitoring). 


The PM Control registers enable control of system opera- 
tion options (such as Power Button or Real-Tlme CLock en- 
abling, or reading Power Button override status). 


The Power Management Timer registers house the values 
of the Power Management Timer, which enables elapsed- 
time detection for power-state control. 


The General Purpose Event registers give the user control 
over the General Purpose Power Management events: the 
enable bits in these registers give the user the ability to tai- 
lor system response by enabling or disabling the events 


from triggering interrupt requests, and monitoring them via 
the status bits. 

The Offsets indicated in the ACPI Fixed Register list are the 
address offset values to be added to the Base Address val- 
ues, to obtain the real addresses of the registers. The Base 
Addresses are user-defined, at the following locations: 


PM1 Event Registers (Status and Enable registers) base 
address is located at the PM1 Event Base Address Bits 7-0 
register and PM1 Event Base Address Bits 15-8 register of 
the Power Management device (Logical Device 8). 


PM1 Conirol Registers base address is located at the PM1 
Control Base Address Bits 7-0 register and PM1 Control 
Base Address Bits 15-8 register of the Power Management 
device (Logical Device 8) 


PM Timer Registers base address is located at the PM 
Timer Base Address Bits 7-0 register and PM Timer Base 
Address Bits 15-8 register of the Power Management de- 
vice (Logical Device 8) 


General Purpose Event Registers base address is locat- 
ed at the General Purpose Status Base Address Bits 7-0 
register and General Purpose Status Base Address Bits 15- 
8 register of the Power Management device (Logical Device 
8) 


User Selectable Parameters 


The APC function allows tailoring the system response to 
power up, power down, power failure and battery operation 
and other events. 


User-selectable parameters include: 


® Enabling various external events to wake up the sys- 
tem. See Section 4.4.2 "Entering Power States" on 
page 65. 


Wake-up time for an automatic system wake-up. See 
“Predetermined Wake-Up” on page 68. 


Type of system recovery after a Power Failure state. 
See “The MOAP Bit” on page 62 and APCR6 bit 6 and 
7 in “Bits 7,6 - Extended Wakeup options after Power 
Failure.” on page 76. 


Immediate or delayed Switch Off shutdown. See “The 
SWITCH Input Signal” on page 67. 


5 or 21 second time-out fail-safe shutdown. See “The 
SWITCH Input Signal” on page 67. 


LED signal response. 


Mechanism for recognizing system power states. See 
Section 4.3.2 "System Power Switching Logic" on 
page 62. 


® Trigger characteristics for General Purpose events. 


4.3.1 


The system power state may be one of: No Power, Power 
On, Power Off (suspended) or Power Failure. These states 
are illustrated in FIGURE 4-11 "APC State Diagram" on 
page 64. TABLE 4-6 "System Power States" on page 62 in- 
dicates the power-source combinations for each state. No 
other power-source combinations are valid. 


System Power States 


In addition, the power sources and distribution for the entire 
PC system are described in FIGURE 4-2 "PC87317VUL 
Power Supplies" on page 55. 

WARNING: 


It is illegal for Vpp to be present when Vcc is absent. 
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TABLE 4-6. System Power States 


Vocu Veat Power State 


- No Power 


Power Failure 


Power Off 


Power On 


Illegal State 


No Power 


This state exists when no external or battery power is con- 
nected to the device. This condition will not occur once a 
backup battery has been connected, except in the case of a 
malfunction. The APC undergoes initialization only when 
leaving this state. 


Power On 


This is the normal state when the PC is active. This state 
may be initiated by various events in addition to the normal 
physical switching on of the system. In this state, the PC 
power supply is powered by external AC power and produc- 
es Vpp and Vocy. The PC system and the PC87317VUL 
device are powered by Vpp, with the exception of the RTC 
logical device, which is powered by Ve¢cy, 


Power Off (Suspended) 


This is the normal state when the PC has been switched off 
and is not required to be active, but is still connected to a 
live external AC input power source. This state may be ini- 
tiated directly or by software, and causes the PC system to 
be powered down. The RTC logical device remains active, 
powered by Vocu. 


Power Failure 


This state occurs when the external power source to the PC 
stops supplying power, due to disconnection or power fail- 
ure on the external AC input power source. The RTC con- 
tinues to maintain timekeeping and RAM data under battery 
power (Vpat), unless the oscillator stop bit was set in the 
RTC. In this case, the oscillator stops functioning if the sys- 
tem goes to battery power, and timekeeping data becomes 
invalid. 


4.3.2 


In the Power On state, the PC host is powered by the pow- 
er-supply voltage Vpp. From this state the system enters 
the Power Off state if the conditions for this state occur (See 
Section 4.4.3 on page 67), or the Power Failure state if ex- 
ternal power is removed. 


System Power Switching Logic 


In the Power Off state, the PC hosts does not receive power 
from the system power supply, except for RTC and APC 
which receive Vocy, The system may enter the Power On 
state if the conditions for this state occur (see Section 4.4.3 
on page 67), or the Power Failure state if external power is 
removed. 


www.national.com 


62 


Knowing the system’s state is important for the correct de- 
tection of the Switch Events. The PC87317 distinguishes 
between Power On and Power Off as follows: 


* Vpp exists implies power On 


® VocH exists and Vpp does not implies Power Off. 


Vpp must be at least Venz +500 mvolt, to prevent the pos- 
sibility of the APC entering the Power Failure state and 
switching to battery power. 


If Vat falls below 2V with Voc absent, the oscillator, the 
timekeeping functions and the APC all stop functioning. 


If no external or battery-backup power is available, the sys- 
tem enters a No Power state. Upon leaving this state, the 
system is initialized. 


4.4 APC DETAILED DESCRIPTION 


4.4.1. The ONCTL Flip-Flop and Signal 


The APC checks when activation or deactivation conditions 
are met, and drives the ONCTL signal accordingly. This sig- 
nal activates the system power supply. ONCTL is physically 
generated as the output of the ONCTL set-reset flip-flop. 
The state of the ONCTL flip-flop depends on the following: 


® Presence of activation conditions 


® The status of the Mask ONCTL Activation (MOAP) bit 
and APCRE6 bits 6 and 7 


© Power source condition 
® The preceding state of ONCTL 


The Preceding State of the ONCTL Signal 


A power failure may occur when the system is active or in- 
active. The ONCTL flip-flop maintains the state of the 
ONCTL signal at the time of the power failure. When power 
is restored, the ONCTL signal returns the system to a state 
determined by the saved status of ONCTL and the saved 
value of the MOAP bit if this option is selected via APCR6 
bits 6 and 7. 


The MOAP Bit 


The Mask ONCTL Activation in Power Failure (MOAP) bit 
(bit 4 of APCR1) is controlled by software. It makes it possi- 
ble to choose the desired system response upon return 
from a power failure and decide whether the system re- 
mains inactive until it is manually switched on, or resumes 
the state that prevailed at the time of the power failure, in- 
cluding enabling of “wake-up” events, as described in the 
next section. 


Logical Conditions that Define the Status of the ONCTL 
Flip-Flop 

The logical conditions described here set or reset the 
ONCTL flip-flop. They reflect the events described in Sec- 
tion 4.4.3 on page 67. 


Conditions that put the ONCTL flip-flop in a 0 state (active 
ONCTL signal): 


® Switch On event occurred. 


® RTC Alarm Status bit (bit 2 of PM1_STS_ HIGH) and 
RTC Alarm Enable bit (bit 2 of PM1_EN_HIGH)are set 


® Match Enable bit is 1 (APCR2 bit 0) and there is a 
match between the real-time clock and the time spec- 
ified in the pre-determined date and time registers. 
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User software must ensure unused date/time fields are 
coherent, to ensure the comparison of valid bits gives 
the correct results. 


The RING enable bit (bit 3 of APCR2) is 1 and one of 

the following occurs: 

— Bit 2 of APCR2 is 0, and a high-to-low transition is 
detected on the RING input pin. 

— Bit 2 of APCR2 is 1 and a train of pulses is detected 
on the RING input pin. 

Rl1,2 Enable bits (bits 3 and 4 of APCR2) are 1 anda 

high to low transition is detected on the RI1,2 input 

pin(s). 

Software On Command by asserting bit 7 of APCR2 


PME1 Status bit (GP1_STSO bit 0) and PME1 Enable 
bit (GP1_EN0O bit 0) are set. 


PME2 Status bit (GP1_STSO bit 1) and PME2 Enable 
bit (GP1_ENO bit 1) are set. 


IRRX1 Status bit (GP1_STSO bit 2) and IRRX1 Enable 
(GP1_ENO bit 2) bit are set. 


IRRX2 Status bit (GP1_STSO bit 3) and IRRX2 Enable 
(GP1_EN0O bit 3) bit are set. 


GPIO10 Status bit (GP1_STSO bit 6) and GPIO10 En- 
able bit (GP1_ENO bit 6) are set. 


Conditions that put the ONCTL flip-flop in a 1 state (inactive 
ONCTL signal): 


© Switch Off Delay Enable bit is 0 and Switch Off event 
occurred. (The Switch-Off event can inactivate ONCTL 
only when SCI/POR bit is 0 - see PM1_CNT_LOW 


register in the ACPI Fixed registers). The Power But- 
ton Enable bit has no effect - see PM1_EN_HIGH reg- 
ister in the ACPI Fixed registers. 


Switch Off Delay Enable bit is 1 and Fail-safe Timer 
reached terminal count. (The Failsafe Timer’s terminal 
count can inactivate ONCTL only when SCI/POR bit is 
0 - see PM1_CNT_LOW register in the ACPI Fixed 
registers). The Power Button Enable bit has no effect - 
see PM1_EN_HIGH register in the ACPI Fixed regis- 
ters. 


© Software Off Command by asserting bit 5 of APCR1. 


Power Override 


When the debounced SWITCH is 0 and Vdd exists (both) 
for more than 3.95 seconds or 4 seconds (the time is select- 
ed via bit 3 of the APCR7 register), ONCTL is deasserted 
regardless of the Fail-safe Timer state. Once a power but- 
ton override is detected, the ONCTL can be asserted again 
only after Vdd does not exist. 

For the last 500 msec ONCTL is asserted but Vdd does not 
exist. This reset condition overrides any set condition of the 
ONCTL flip-flop. This condition can reset the ONCTL flip- 
flop, only if enabled via bit 4 of APCR7 register. 
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When Activate and Inactivate conditions of the ONCTL flip- 
flop occur at the same time, the Activate overrides the Inac- 
tivate. Exception to this are the following Inactivate condi- 
tions. They override any Activate condition that occurs at 
the same time: 


© The SWITCH pin is 0 for more than 3.95 seconds or 4 
seconds. See detailed description above. 


® For the last 500 msec ONCTL is asserted but Vdd 
does not exist. See detailed description above. 


When bit 4 of APCR7 register is 0, ONCTL can be asserted 
only after 1 second passed since it was deasserted. A wake 
up event that happens during this 1 second, will activate the 
ONCTL signal at the end of the 1 second. Off events are ig- 
nored during the 1 second period. 


When bit 4 of APCR7 register is 1, ONCTL can be asserted 
immediately after it was deasserted. (i.e., a wake-up event 
can activate ONCTL immediately after ONCTL was deas- 
serted.) 


The tony (see TABLE 14-69 "RING Trigger and ONCTL 
Timing" on page 265) delay on power-up, when power re- 
turns after power failure, always occurs, regardless of bit 4 
of APCR7 register. 
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Power 
Failure 


Switch On Event 


Switch Off Event or 
Software Off Command 


APC Active 
Initial Values 


APC Active Failure 
Programmed Values 


Vocu * MOAP « (Power Failure Bit = 0) 
(can occur if Vpp is not controlled by ONCTL) 


Vocu * ((MOAP * (APCR6 bits 7,6 = 0,0) « (Power was On) ) or 
(MOAP * (APCR6 bits 7,6 = 0,0) * (Time Match During Power Failure) ) or 
( (APCR6 bits 7,6 = 1,0) * (Time Match During Power Failure) ) ) 


Vocu * ((MOAP * (APCR6 bits 7,6 = 0,0) « (Power was Off) ) or 
) 


( (APCR6 bits 7, 
(APCR6 bits 7, 


6 = 1,0) * (No Time Match During Power Failure) ) or 
6 = 0,1) ) 
Voecu * MOAP «* (APCR6 bits 7,6 = 0,0) « (Power Failure Bit = 1) 


FIGURE 4-11. APC State Diagram 
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4.4.2 Entering Power States 


Power Up 


When power is first applied to the RTC, (referred to as first 
Power on) the APC registers are initialized to the default 
values defined in the register descriptions. (See TABLE 
4-22 "Bank 2 Registers - APC Memory Bank" on page 90). 
This situation is defined by the appearance of Vat or Vecy 
with no previous power. 


The APC powers up when the RTC supply is applied from 
any source and is always in an active state. The RTC may 
be powered up, but inactive; this occurs if bit 0 of the regis- 
ter at index 30h (see Section 2.3 "THE CONFIGURATION 
REGISTERS" on page 29) of this logical device is not set. 
In this situation, the APC registers are not accessible, since 
they are only accessed via the RTC. This is also true of the 
general-purpose battery-backed RAM. 


Power Off Request (POR) 


The APC allows a maskable or non-maskable interrupt on 
the POR pin. This interrupt enables the user to perform an 
orderly exit procedure, automatically performing house- 
keeping functions such as file backups, printout completion 
and communications terminations, before powering down. 
See FIGURE 4-12 "POR, SCI and ONCTL Generation" on 
page 66. 


The POR signal can be asserted by the following events: 
© Power Button (Switch-Off Event). 
® ACPI Global Lock Release. 
Sleep Enable. 

SMI Command. 

PME1 Event. 

PME2 Event. 

IRRX1 Event. 

IRRX2 Event. 

GPIO12 Event. 

GPIO13 Event. 

GPIO10 Event. 

P12 Event. 


An event will assert POR, only if its corresponding status 
and enable bits are set. 


Each of the events (PME1 to P12, in the list above) has a 
corresponding status bit in the GP1_STSO register. The 
events can be enabled via two registers. When bit 0 of the 
PM1_CNT_LOW register is 0, the events can be enabled 
via their corresponding bit in the GP1_EN0 register. A bit in 
the GP2_ENO register can always enable its corresponding 
event (All registers referred to in this paragraph are in the 
ACPI Fixed registers). 


The PC87317 also supports the SMI Command of the AC- 
Pl. Thus, when bit 5 (status) and bit 6 (enable) of the ACPI 
Support register are '1',; POR is asserted (see Power Man- 
agement registers, Logical Device 8). This is the SMI Com- 
mand event. It is initiated by the ACPI OS that writes to the 
SMI Command register. 
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The PC87317 supports the Global Lock mechanism of the 
ACPI. Thus, when bit 2 (status) and bit 3 (enable) of the 
ACPI Support register are set to 1, POR is asserted (see 
Power Management registers, Logical Device 8). This is the 
ACPI Global Lock Release event. It is initiated by the ACPI 
OS that writes a 1 to the ACPI Global Lock Release bit in 
the PM1_CNT_LOW register (see Fixed ACPI registers). 


The system can enter suspend modes via software emula- 
tion. When bit 0 (status) and bit 1 (enable) of the ACPI Sup- 
port register are set to 1, POR is asserted (see Power 
Management registers, Logical Device 8). This is the Sleep 
Enable event. It is initiated by the ACPI OS that writes a 1 
to the Sleep Enable bit in the PM1_CNT_HIGH register (see 
Fixed ACPI registers). 


The Power Button (Switch-Off Event) can assert the POR 
pin, only when the SCI/POR bit is 0 (see PM1_CNT_LOW 
register in the ACPI Fixed registers). It will assert the POR 
pin, when a Switch-Off event is detected, regardless of the 
Power Button Enable bit (see PM1_EN_ HIGH register in 
the ACPI Fixed registers). 


When POR is in level mode (bit 2 of APCR1 register is 1), it 
is asserted until the corresponding event’s status bit or en- 
able bit is cleared. The exception to this is the Switch-Off 
event. For that event, POR will be deasserted by the Level 
POR Clear Command bit (bit 3 of the APCR1 register). Note 
that if level events are configured, the POR must be config- 
ured to level mode. When any of the following events is en- 
abled, POR must also be configured to level mode: 


® Writes to the SMI Command register. 


® Write 1 to the ACPI Global Lock Release bit of the 
PM1_CNT_LOW register 


® Write 1 to the Sleep Enable 
PM1_CNT_HIGH register. 


Upon Master Reset, the POR signal is in TRI-STATE. 


bit of the 


Power Failure 

The APC is in a Power Failure state when it is powered by 
VBatT: without Vocu: 

Upon entering a Power Failure state, the following occurs: 


© All APC inputs are masked (high). 


® These signals remain masked until one second after 
exit from the Power Failure state, i.e., one second after 
switching from Vpart to Vccu:- 
The ONCTL pin state is internally saved, and ONCTL is 
forced inactive. System Recovery after Power Failure 


The nature of the system recovery after power failure is set 

by bits 6 and 7 of the APCR6 control register (See Section 

4.5.13 "APC Control Register 6 (APCR6)" on page 75). 

In all cases, the system can be switched on manually after 
power returns. 


Three selectable automatic options exist: 
® the system response is controlled by the MOAP bit 


© the system remains inactive after power returns until 
an enabled “wake-up” event occurs 


© the system is awakened when power returns by a new 
enabled wake-up event, or by an enabled “match 
event” that occurred while power was down. 
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FIGURE 4-12. POR, SCI and ONCTL Generation 


A "wake-up" event is any event that can activate the ONCTL 
signal. The "wake-up" events are masked for one second 
upon return from Power Failure, except the Match event 
and the RTC Alarm event. These two events are not 
masked but if they occur during Power Failure or during the 
one second period after return from Power Failure, they will 
assert ONCTL only at the end of that one second period. 


If the system is selected to respond to the MOAP bit value 
(Mask ONCTL Activation in Power Failure, i.e., bit 4 of the 
APCR1 register - see Section 4.5.1 "APC Control Register 
1 (APCR1)" on page 70) via the APCR6 bit 6 and 7 settings, 
the following occurs: 
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One second after power returns, the ONCTL signal re- 
verts to its saved state, if the MOAP bit is cleared to 0. If the 
MOAP bit is set to 1, ONCTL remains inactive. If MOAP = 0 
when the one second delay expires, new events can acti- 
vate ONCTL, unless a time match occurs during Power Fail- 
ure, in which case the APC “remembers” to activate ONCTL 
at the end of the one second delay. 


If the MOAP bit (bit 4 of APCR1) and the Power Failure 
bit (bit 7 of APCR1) are both 1, then only the Switch On 
event can activate ONCTL. 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.4.3. System Power-Up and Power-Off Activation 


Event Description 


The APC may activate the host power supply when the fol- 
lowing “wake-up” events occur: 


© Physical On/Off switch is depressed and Vpp is ab- 
sent. 


Preprogrammed wake-up time arrives. 
Communications input is detected on a modem. 
Ring signal is detected at a telephone input jack. 


General Purpose Power Management wake-up event 
occurs. 


The PC may be powered down by the following events: 


Physical On/Off switch is depressed with Vpp present, 
or depressed continuously for longer than 4 seconds. 


Software controlled power down. 


Fail-safe power down in the event of power-down soft- 
ware hang-up. (See “Switch-Off Event” below.) 


ONCTL is active but Vpp doesn’t exist for 500 ms 
(See ONCTL description). 


The SWITCH Input Signal 


This signal provides two events: Switch On and Switch Off. 
In both, the physical switch line is debounced, i.e., the sig- 
nal state is transferred only after 14 to 16 msec without tran- 
sitions, which ensures the switch is no longer bouncing. See 
FIGURE 4-13. 


Switch-On Event - Detection of a high to low transition on 


the debounced SWITCH input pin, when Vpp does not 
exist. The Switch-On event is masked (not detected) for 
one to two seconds after Vpp is removed. 


The Switch-On event sets the Switch-On event detect 
bit to 1 (bit 2 of APSR1). 


Switch-Off Event - Detection of a high to low transition on 
the debounced SWITCH input pin, when Vpp exists. 


The Switch-Off event sets the Switch-Off Event Detect 
bit (bit 5 in APSR) to 1. 


Switch-Off Delay - When the Switch-Off Delay Enable bit 
(bit 6 in register APCR2) is 0, the Switch-Off event pow- 
ers the system off immediately, i.e., the ONCTL output 
pin is deactivated immediately. 


VccH & 


When the Switch-Off Delay Enable bit is 1, occurrence of a 
Switch-Off event will trigger a Fail-safe Timer countdown of 
5 or 21 seconds. (Countdown length is set by bit 1 of the 
APCR1 register. See Section 4.5.1 "APC Control Register 
1 (APCR1)" on page 70.) If it is allowed to complete this 
countdown (i.e., no reset or retrigger occurs while counting 
down), the Fail-safe Timer sets the ONCTL signal high (in- 
active). This Fail-safe Timer countdown may also be trig- 
gered (or retriggered if a countdown is already in progress) 
by writing a 1 to bit O of APCR1. Triggering sets the timer to 
its initial countdown value and starts the countdown se- 
quence. Switch-Off events occurring while a countdown is 
in progress will not affect the countdown. 


Switch-Off Event detection activates the Power-Off Re- 
quest (POR) that triggers a user-defined interrupt routine to 
conduct housekeeping activities prior to powering down. 
(The user may also detect the Switch-Off Event by polling 
the Switch-Off Detect bit, rather than by using the interrupt 
routine). The user must ensure that the power-off routine 
duration does not exceed the 5 or 21 second Switch-Off De- 
lay. If required, a user routine may deactivate the count- 
down by setting the Fail-safe Timer Reset Command bit, (bit 
6 of APCR1). Setting this bit will stop and reset the Fail-safe 
Timer, thus preventing the fail-safe timer from causing pow- 
er off before completion. 


If the power-off routine gets “hung up”, and the timer was 
not stopped and reset, then after the delay time has elapsed 
the timer will conclude its countdown and activate power off 
(deactivate ONCTL). 


The Fail-safe Timer is stopped, and reset, by writing 1 to the 
Fail-safe Timer reset bit (bit 6 of APCR1). Switch-off events 
detected while the timer is already counting are ignored. If, 
Vpp goes down while the Fail-safe Timer is counting, the 
timer is stopped and reset, and ONCTL is not deactivated. 


POR may be asserted on a Switch-Off Event. It can be con- 
figured as either edge or level triggered, according to the 
APCR1 register, bit 2. In edge mode, it is a negative pulse, 
and in level mode it remains asserted until cleared by a level 
POR Clear Command (bit 3 of the APCR1 register, see FIG- 
URE 4-12 "POR, SCI and ONCTL Generation" on page 
66). Selection of POR on the GPIO22/POR pin is via the Su- 
perl/O Configuration 2 register (at index 22h). Selection of 
the POR output buffer is via GPIO22 output buffer control 
bits (Port 2 Output Type and Port 2 Pull-up Control regis- 
ters). See TABLE 9-2 "The GPIO Registers, Bank 0" on 
page 216. 


Vpp Exists 


Vpp Xt 


Ba 
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SWITCH Xt 


Debounce 


Edge or Trigger POR Select 


Switch-On Event 


F Switch-Off Event 
Falling 


Edge 
Detector 
POR 


APCR1 Register, Bit 2 


Level POR Clear 
APCR1 Register, Bit 3 


FIGURE 4-13. Switch Event Detector 


www.national.com 


NOILdIHDSAd GATIVLAG OdV 


NOILdIHOS3AG GATIVLAG OdV 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


Predetermined Wake-Up 


The second, minute, and hour values of the pre-determined 
wake-up times are contained in the Seconds Alarm, Min- 
utes Alarm, and Hours alarm registers, respectively (index- 
es 01h, 03h and 05h of banks 0, 1 and 2). The Day-of- 
Week, Day-of-Month, Month, Year and Century of the pre- 
determined date are held in bank 2, registers indexes 43h- 
46h and 48h. These eight registers are compared with the 
corresponding Seconds, Minutes, Hours, Day-of-Week, 
Day-of-Month, Month and Year, in all banks, register index- 
es 00, 02, 04, 06, 07, 08, 09 and the Century register which 
can be located anywhere in bank 0 or bank 1 - its location 
is programmed via the Century Address Register in bank 2. 
(The Century bit value - bit 6 Of RTC Control Register d - is 
not used for this function). 


Any Wake Up register in bank 2 (Index 43h-46h and 48h) 
may be set to a "Don't Care" state by setting bits 7,6 to 11. 
This results in periodic Match Event activation at an in- 
creased rate whose period is that of the Don’t Care location, 
e.g., if the Wake Up Day-of-Week location and the Wake Up 
Month are both set to a Don’t Care, a Match Event will be 
activated once a month during the specified year. 


Ring Signal Event 


An incoming telephone call is an event that may activate a 
transfer from the Power-Off state to a Power-On state, in or- 
der to deal with the pending incoming voice, fax or modem 
communication. 


The PC87317VUL can detect a RING pulse falling edge or 
a RING pulse train with a frequency of at least 16 Hz, that 
lasts at least 0.19 seconds. 


During RING pulse train detection, the existence of falling 
edges on RING is monitored during time slots of 62.5 msec 
(16 Hz cycle time). A RING pulse train detect event occurs 
if falling edge(s) of RING were detected in three consecu- 
tive time slots, following a time slot in which no falling edge 
of RING was detected. 


This method of detecting a RING pulse train filters out (does 
not detect) a RING pulse train of less then 11 Hz, might de- 
tect a RING pulse train of 11 Hz to 16 Hz, and guarantees 
detection of a RING pulse train of at least 16 Hz. 


RI1,2 Event 


High to Low transitions on RIT or RI2 indicate communica- 
tions activity on the UART inputs, and these conditions may 
be used as events to “wake-up” the system. 


General Purpose Power Management Events 


The APC supports additional events that can wake-up the 
system from the power off state, or generate an interrupt if 
the system is in the power on state. 


An event is defined as the detection of falling edge, rising 
edge, low level, or high level on a specific signal. Each sig- 
nal’s event is configurable via software. 


The following events may wake up the system from the 
Power Off state, or generate an interrupt if the system is in 
the Power On state: 


© PME1 Event defined by bits 2-0 of the APCR4 register. 
© PME2 Event defined by bits 5-3 of the APCR4 register. 
© IRRX1 Event defined by bits 2-0 of the APCR5 register. 
© IRRX2 Event defined by bits 5-3 of the APCR5 register. 
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The following events may generate an interrupt if the sys- 
tem is in the Power On state: 


® GPIO12 Event defined by bits 2-0 of the APCR6 register. 
© GPIO13 Event defined by bits 5-3 of the APCR6 register. 
© GPIO10 Event defined by bits 7-5 of the APCR3 register. 


© P12 Event defined by bits 2-0 of the APCR7 register. 


Each of the events has a corresponding status bit in the 
GP1_STSO register. The events can be enabled via two 
registers: GP1_ENO register and GP2_ENO register. 


An event will wake up the system or generate an interrupt, 
only if its corresponding status and enable bits are set. 


LED Signal 


This output signal enables an external LED to be driven di- 
rectly by the PC87317, and may be programmed to give 
various responses under various power conditions. 


Three signal outputs may be selected: 

© High - Impedance (HI-Z) 

® Drive 0 level 

® a1 hz “blink” signal, alternating between the previous 
two outputs. 


The High Impedance output will leave the LED unlit. The 
Drive 0 value will switch on an external LED connected to 
an external power source and grounded by the LED signal 
output. 


The outputs of this signal depend on programmed values 
selected at bits 6 and 7 of APCR4, and on the prevailing 
power state. 


Signal outputs under all conditions are listed in the following 
table: 


TABLE 4-7. LED signal outputs 


APCR4 
Bits 
76 
00 
01 
10 
11 


LED State 


Vocu Vear only 


HI-Z 
Drive 0 
1 Hz blink 


Reserved 


HI-Z 
HI-Z 
HI-Z 
HI-Z 


The LED signal is functional, when Vpp and Vccy exist or 
when only Vcc exists. When only Vgart exists, the LED sig- 
nal is not functional (output is set to HI-Z) but its control bits 
are saved. Thus, when Vccy is applied again, the LED sig- 
nal returns to the previous state. Upon first power-on (appli- 
cation of one of the voltages Vpar or Vocy when no 
previous voltage was present), the LED signal is configured 
to be in the high-impedance state. The One Hz blink re- 
quires a 32.768 KHz clock. 
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The SCI Signal 


The SCl interrupt is used to send ACPI relevant notifications 
to the host Operating System. The following events assert 
the SCI signal: 


RTC alarm 

Power Button (Switch-Off event) 
Timer Carry 

BIOS Global Lock Release 
PME1 Event 

PME2 Event 

IRRX1 Event 

IRRX2 Event 

GP1IO12 Event 

GPIO13 Event 

GPIO10 Event 


P12 Event. 


An event will assert SCI, only if its corresponding status and 
enable bits are set. Exception to this is the Switch-Off event, 
as explained below. 


Each of the general purpose events (PME1 to P12, in the 
list above) has a corresponding status bit in the GP1_STSO 
register. When bit 0 of the PM1_CNT_LOW register is 1, the 
events can be enabled via their corresponding bit in the 
GP1_EN0O register. 


The Timer status bit is in the PM1_STS_LOW register. It is 
enabled via the PM1_EN_ LOW register. The RTC alarm 
status bit and the Power Button status bit are in the 
PM1_STS_HIGH register. They are enabled via the 
PM1_EN_HIGH register. Note that the Power Button status 
bit holds two events: Switch-Off and Switch-On. Only the 
Switch-Off event can assert SCI. The Switch-On events 
have no effect. During the suspended state (defined in the 
Wake Status bit of the PM1_STS_HIGH register), Switch- 
Off events always assert SCI, regardless of the Power But- 
ton Enable bit. 


When bit 5 of the PM1_STS_LOW register and bit 5 of the 
PM1_EN_LOW register are set to 1, SCI is asserted (see 
the ACPI Fixed registers). This is the BIOS Global Lock Re- 
lease event. It is initiated by the BIOS that writes a 1 to the 
BIOS Global Lock Release bit in the ACPI Support register 
(see Power Management registers, Logical Device 8). 


SCI is a level interrupt. Its polarity is software programma- 
ble (see Section 2.4.7 "Superl/O Configuration 3 Register 
(SIOC3)" on page 39). It is asserted until the corresponding 
event's status bit are both set to 1. Exception to this is the 
Switch-Off event during suspend mode that asserts (or 
deasserts) SCI according to its status bit, regardless of its 
enable bit. 


Upon Master Reset, the SCI signal is not configured to any 
IRQ pin. At that time, SCI can be active due to the RTC 
alarm or Switch-Off event. 


The SCI signal can be routed (via software) to one of the fol- 
lowing IRQ pins: IRQ1, IRQ3-IRQ12, IRQ14-IRQ15 (see 
Section 2.4.7 "Superl/O Configuration 3 Register (SIOC3)" 
on page 39). Note that the SCI is a shareable interrupt, i.e., 
itcan share the IRQ pin with another device (and the two in- 
terrupt sources can be enabled at the same time). The SCI 
can share the IRQ pin with another device provided they are 
configured in the same manner (e.g., both are configured as 
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active high level interrupts). This IRQ pin should be config- 
ured as an open-drain output. It is the software’s responsi- 
bility to share the correct device with the SCI. 


The following table summarizes the various events and 
their connection to ONCTL, POR and SCI 


TABLE 4-8. Trigger Events for ONCTL, POR and SCI 


Power Management S 
Trigger Event O. 


RTC Alarm + 


Power Button + 


Power Management Timer 
Carry 


BIOS Global Lock Release 


ACPI Global Lock Release 


Sleep Enable 


PME2,1 Event 


IRRX2,1 Event 
GPIO10 Event 
GP1012/13 Events 


P12 Event 


SMI Command 


Power Management Timer 


The Power Management Timer is a 24-bit fixed rate running 
count-up timer that runs off a 3.579545 MHz clock (derived 
from the 14.31818 MHz clock input). Upon Master Reset, 
the timer is disabled since its clock is disabled (bit 0 of the 
PMCS3 register, logical device 8). It is functional only when 
Vpp exists. 


The Power Management Timer operates only if a 14.31818 
MHz clock is fed via the X1 pin and the chip is configured to 
work with the on-chip clock multiplier. 


When the most significant bit (bit #23) of the timer changes 
from either high to low or low to high, the Timer status bit 
(PM1_STS_LOW register) is set to 1. An SCI interrupt is 
generated, when both the Timer status bit and the Timer en- 
able bit (PM1_EN_ LOW register) are set to 1. 


The Power Management Timer can be read via four byte 
registers, placed in consecutive addresses: 
PM1_TMR_LOW, PM1_TMR_MID, PM1_TMR_HIGH and 
PM1_TMR_EXT registers. For proper operation, the 
PM1_TMR_LOW register should be placed on a double- 
word boundary. 


Whenever the PM1_TMR_LOW register is read, the 
PM1_TMR_LOW, PM1_TMR_MID and PM1_TMR_HIGH 
registers are updated with the internal timer’s value. The 
PM1_TMR_EXT register always reads 0. This scheme 
guarantees that a coherent time is read. 


4.5 APC REGISTERS 


The APC registers reside in the APC bank 2 memory. The 
RAM Lock register also resides in this bank. See TABLE 
4-22 "Bank 2 Registers - APC Memory Bank" on page 90. 
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The APC registers are not affected by Master Reset. They 
are initialized to 0 only when power is applied for the first 
time, i.e., application of one of the voltages Vgar or VocH 
when no previous voltage was present. 


4.5.1. APC Control Register 1 (APCR1) 


7 6 5 4 3 21 
reTopopopoy oop o Reset 
ptt Required 


FL Switch Off Delay Option 
POR Edge or Level Select 
Level POR Clear Command 
MOAP 
SOC 
_ Fail-safe Timer Reset Command 
‘_ Power Failure 


APC Control 
Register 1 
(APCR1) 
Bank 2 
Index 40h 


FIGURE 4-14. APCR1 Register Bitmap 


Bit 0 - Fail-safe Timer Trigger Command 


This write-only bit returns 0 when read. Writing a 1 to 
this bit resets the failsafe timer and triggers a 5 or 21 
second countdown, as selected by bit 1 of this register. 


0: Ignored. 
1: 5 or 21 second failsafe countdown triggered. 


Bit 1 - Switch Off Delay Option 
0: 5 seconds. 
1: 21 seconds. 


Bit 2 - POR Edge or Level Select 
0: Edge POR. 
1: Level POR. Once POR is asserted, it remains as- 


serted until cleared by Level POR Clear Command 
(bit 3). 


Bit 3 - Level POR Clear Command 
This is a write-only non-sticky bit. Read returns 0. 
0: Ignored. 
1: POR output signal is deactivated. 


Bit 4 - Mask ONCTL Activation if Power Fail (MOAP) 


The function of this bit is enabled by extended wakeup 
options settings in APCR6, bits 6 and 7. 


0: When power returns and APCR6 bit 6 and 7 are 
00, sets the system to the power state that existed 
when power failed. 


: While the Power Failure bit (bit 7 of APCR1) is set, 
mask ONCTL activation, except as a result of a 
Switch On Event. 


Bit 5 - Software Off Command (SOC) 
This bit is write-only and non-sticky. Read returns 0. 
0: Ignored. 
1: ONCTL output signal is deactivated. 


Bit 6 - Fail-safe Timer Reset Command 
This bit is write-only and non-sticky. Read returns 0. 
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0: Ignored. 
1: Fail-safe timer is stopped and reset. 


Bit 7 - Power Failure 


Set to 1 when RTC/APC switches from Vccy to Vgar. 
Cleared to 0 by writing 1 to this bit. Writing 0 to this bit 
has no effect. 


4.5.2 APC Control Register 2 (APCR2) 


APC Control 
Register 2 
(APCR2) 
Bank 2 
Index 41h 


7 6 5 4 3 2 | 
Power-Up 


roToTo TooToo] Reset 
Pe Wee Sell Required 


TME 
RSS 
RPTDM 
RE 
R1iE 
R2E 


— SODE 
“ Software On Command 


FIGURE 4-15. APCR2 Register Bitmap 


Bit 0 - Timer Match Enable (TME) 
0: Pre-determined date or time event is ignored. 


1: Match between the RTC and the pre-determined 
date and time activates the ONCTL output signal. 


See MOAP (bit 4) of APCR1 and APCRE6 bit 6,7 for 
an overriding case. 


Bit 1 - RING Source Select (RSS) 


0: RING source is RING/XDCS signal, regardless of 
X-bus Data Buffer (XDB) select bit of Superl/O 
Configuration 1 register. 


1: RING source is GPIO23/RING signal. 


Bit 2 - RING Pulse or Train Detection Mode (RPTDM) 
0: Detection of RING pulse falling edge. 


1: Detection of RING pulse train above 16 Hz for 0.19 
sec. 


Bit 3 - RING Enable (RE) 
0: RING input signal is ignored. 


1: RING detection activates the ONCTL output signal, 
unless it is overridden by the MOAP bit, bit 4 of the 
APCR1 register and bits 6,7 Of APCR6. 


Bit 4 - RI1 Enable (R1E) 
0: RI input signal is ignored. 


1: A high to low transition on the RIT input pin acti- 
vates the ONCTL output pin. 


See MOAP (bit 4) of APCR1 and APCRE6 bit 6,7 for 
an overriding case. 


Bit 5 - Ri2 Enable (R2E) 
0: RI2 input signal is ignored. 


1: A high to low transition on the RI2 input pin acti- 
vates the ONCTL output pin. 
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See MOAP (bit 4) of APCR1 and APCRE6 bit 6,7 for 
an overriding case. 


Bit 6 - Switch Off Delay Enable (SODE) 


0: ONCTL output pin is deactivated immediately after 
the Switch Off event. 


1: After the Switch Off event, ONCTL output signal is 
deactivated after the 5 or 21 seconds Switch Off 
delay. 


Bit 7 - Software On Command 
This bit is write-only and non-sticky. Read returns 0. 
0: Ignored 
1: ONCTL output signal is activated. 


4.5.3 APC Status Register (APSR) 


Bits 5-0 in this register are cleared to 0, when this register 
is read. 


7 6 5 4 3 2 1 «0 APC Status 
Register 
(APSR) 
Bank 2, 


Index 42h 


Power-Up 
Reset 


; 
PTE ET I Jrecuired 


TMD 
RID 
RIT Detect 
RI2 Detect 
FTD 
SOED 
— Reserved 
L-RS 


FIGURE 4-16. APSR Register Bitmap 


Bit 0 - Timer Match Detect (TMD) 


This bit is set to 1 when the RTC reaches the pre-deter- 
mined date, regardless of the Timer Match Enable bit 
(bit 0 of APCR2). After first Power-Up, the RTC and the 
pre-determined date, are 0 and so this bit is set. It is rec- 
ommended to clear this bit by reading this register after 
first Power-Up. 


Bit 1 - RING Detect (RID) 


This bit is set to 1 when a high to low transition is detect- 
ed on the RING input pin and bit 2 of APCR2 is 0, or 
when a RING pulse train is detected on the RING input 
pin and bit 2 of APCR2 is 1, regardless of the status of 
the RING enable bit. 


Bit 2 - RI Detect 


This bit is set to 1 when a high to low transition is detect- 
ed on the RI1 input signal, regardless of the RI1 Enable 
bit. 


Bit 3 - RI2 Detect 


This bit is set to 1 when a high to low transition is detect- 
ed on the RI2 input pin, regardless of the RI2 Enable bit. 


Bit 4 - Fail-Safe Timer Detect (FTD) 


This bit is set to 1 when the Fail-safe timer reaches ter- 
minal count. 
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Bit 5 - Switch Off Event Detect (SOED) 


This bit is set to 1 when a Switch Off event is detected, 
regardless of the Switch Off Delay Enable bit. 


Bit 6 - Reserved 


Bit 7 - RING Status Bit (RS) 

Holds the instantaneous value of the selected RING pin. 
4.5.4 Wake up Day of Week Register (WDWR) 
This register contains the Wake up Day of Week settings. 


iad up Day of Week Register 
7 6 5 4 3 2 1 (WDWR) 


HT Topepoy yop serie 


Index 43h 


Power-Up 
Reset 


(aa i (a Required 


Wake up Day-of-Week Bits 


“Don’t Care” control bits 


FIGURE 4-17. WDWR Register Bitmap 


Bits 5-0 Wake up Day of Week Bits 


These bits contain the day of week setting. Values may 
be 01 to 07 in BCD format or 01 to 07 in Binary format., 
where sunday = 01. See “Predetermined Wake-Up” on 
page 68. 


Bits 7,6 - Don’t Care control bits 


When both bits are set to 11, these bits set the Wake up Day 
of Week field to a “don’t care” state 
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4.5.5 Wake up Date of Month Register (WDMR) 
This register contains the Wake up Date of Month settings. 


Wake up Date-of-Month 
Register 
(WDMR) 

Bank 2 

Index 44h 


3 


Wake up Date of Month Bits 


“Don’t Care” control bits 


FIGURE 4-18. WDMR Register Bitmap 


Bits 5-0 Wake up Date of Month Bits 


These bits contain the Date of Month setting. Values 
may be 01 to 31 in BCD format or 01 to 1F in Binary format. 
See “Predetermined Wake-Up” on page 68. 


Bits 7,6 - Don’t Care control bits 


When both bits are set to 11, these bits set the Wake up 
Date of Month field to a “don’t care” state 


4.5.6 Wake up Month Register (WMR) 
This register contains the Wake up Month settings. 


Wake up Month 
Register 
(WMR) 
Bank 2 
Index 45h 


7 6 5 4 3 2 1 
BEOOOO 
PT Tf Reauirer 


Wake up Month Bits 


“Don’t Care” control bits 
FIGURE 4-19. WMR Register Bitmap 


Bits 5-0 Wake up Month Bits 

These bits contain the Month setting. Values may be 01 
to 12 in BCD format or 01 to OC in Binary format. See “Pre- 
determined Wake-Up” on page 68. 
Bits 7,6 - Don’t Care control bits 
When both bits are set to 11, these bits set the Wake up 
Month field to a “don’t care” state 
4.5.7 Wake up Year Register (WYR) 
This register contains the Wake up Year settings. 
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Wake up Year 
Register 
(WYR) 

Bank 2 

Index 46h 


7 6 5 4 3 2 1 
BOO 
PE EE J Requires 


Wake up Year Bits 


“Don’t Care” control bits 


FIGURE 4-20. WYR Register Bitmap 


Bits 5-0 - Wake up Year Bits 
These bits contain the Year setting. Values may be 01 


to 99 in BCD format or 01 to 63 in Binary format. See “Pre- 
determined Wake-Up” on page 68. 


Bits 7,6 - Don’t Care control bits 


When both bits are set to 11, these bits set the Wake up 
Year field to a “don’t care” state. 


4.5.8 RAM Lock Register (RLR) 


Once a non-reserved bit is set to 1 it can be cleared only by 
hardware (MR pin) reset. 


7 6 5 4 3 2 1 
DOOOUOO 4 
ETT Tt Pf} OfReauires 


Reserved 
Reserved 
Reserved 
Upper RAM Block 
RAM Block Read 
RAM Block Write 
'_ RAM Mask Write 
L_ RAM Lock 


RAM Lock 
Register 
(RLR) 
Bank 2, 
Index 47h 


FIGURE 4-21. RLR Register Bitmap 
Bit 2-0 - Reserved 


Bit 3 - Upper RAM Block 


Controls access to the upper 128 RAM bytes, accessed 
via the Upper RAM Address and Data Ports of bank 1 


0: This bit has no effect on upper RAM access. 


1: Upper RAM Data Port of bank 1 is blocked: writes 
are ignored and reads return FFh. 


Bit 4 - RAM Block Read 


This bit controls reads from RAM bytes 80h-9Fh (00h- 
1Fh of upper RAM). 


0: This bit has no effect on upper RAM access. 


1: Reads from bytes 00h-1Fh of upper RAM return 
FFh. 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


Bit 5 - RAM Block Write 


This bit controls writes to bytes 80h-9Fh (00h-1Fh of up- 
per RAM). 


0: This bit has no effect on upper RAM access. 
1: Writes to bytes 0Oh-1Fh of upper RAM are ignored. 


Bit 6 - RAM Mask Write 
This bit controls writes to all RTC RAM. 
0: This bit has no effect on RAM access. 


1: Writes to bank 0 RAM and to upper RAM are ig- 
nored. 


Bit 7 - RAM Lock 
0: This bit has no effect on RAM access. 
1: Read and write to locations 38h-3Fh of all banks 


are blocked. Writes are ignored, and reads return 
FFh. 


4.5.9 Wake up Century Register (WCR) 
This register contains the Wake up Century settings. 


Wake up Century 
Register 
(WCR) 
Bank 2 
Index 48h 


7 6 5 4 3 2 1 
CT Topepoyoyopa Reset” 
PE EE TT J Requires 


Wake up Century Bits 


“Don’t Care” control bits 
FIGURE 4-22. WCR Register Bitmap 


Bits 5-0 Wake up Century Bits 


These bits contain the Century setting. Values may be 
01 to 99 in BCD format or 01 to 63 in Binary format. See 
“Predetermined Wake-Up” on page 68. 


Bits 7,6 - Don’t Care control bits 

When both bits are set to 11, these bits set the Wake up 
Century field to a “don’t care” state 

4.5.10 APC Conirol Register 3 (APCR3) 


This register defines device I/O pin designations, and 
GPIO10 event polarity/edge settings. 


This register in not affected by Master reset. Upon first Pow- 
er-Up, it is initialized to AOh. 
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7 6 5 4 3 2 APC Control 

Register 3 

(APCR3) 

Bank 2, 

Index 49h 

PME1 or GPIO16 select 
PME2 or GPIO15 select 
LED or CSO select 

GP1024 or IRRX1 select 


GPIO37 or IRRX2/IRSLO/IDO Select 


eee 0 Event Polarity/Edge select 


FIGURE 4-23. APCR3 Register Bitmap 


Bit 0 - PME1 or GPIO16 Pin Select 
This bit selects PME1 or GPIO16 to be connected to I/O 
pin. 
When PME1 is not selected, its enable bit (bit 0 of 
GP1_EN) should be cleared to 0. 
0: GPIO16 selected. 
1: PME1 selected. 


Bit 1 - PME2 or GPIO15 pin select 
This bit selects PME2 or GPIO15 to be connected to I/O 
pin. 
When PMEz2 is not selected, its enable bit (bit 1 of 
GP1_EN) should be cleared to 0. 


0: GPIO15 selected. 
1: PME2 selected. 


Bit 2 - LED or CSO Pin select 
This bit selects LED or CSO to be connected to I/O pin. 
0: CSO selected. 
1: LED selected. 


Bit 3 - GPIO24 or IRRX1 Pin Select 
This bit selects GPIO24 or IRRX1 to be connected to I/O 
pin. 
When IRRX1 is not selected, its enable bit (bit 2 of 
GP1_EN) must be cleared to 0. 


0: IRRX1 selected. 
1: GPIO24 selected. 


Bit 4 - GPIO37 or IRRX2/IRSLO/IDO Pin Select 


This bit selects GPIO37 or IRRX2/IRSLO/IDO to be con- 
nected to I/O pin. Selection between IRRX2/IRSLO/IDO 
is described in the UART2 registers (device 5). 


When IRRX2 is not selected, its enable bit must be 
cleared to 0. 


0: IRRX2/IRSLO/IDO selected. 
1: GPIO37 selected. 


Bits 7-5 - GPIO10 Event Polarity/Edge Select 


These bits determine the physical conditions that trig- 
ger the GPIO10 General Purpose Event. 
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TABLE 4-9. GPIO10 Event settings select 


APCR3 bits 


Physical trigger condition 
765 y gg 


000 Low level 
001 High level 
010 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


4.5.11 APC Control Register 4 (APCR4), Bank 2, Index 
4Ah 


This register configures the LED output signal operational 
mode and PME2,1 event polarity/edge settings. 


Upon first Power-Up, this register is initialized to 2Dh. The 
bit settings are unaffected by Master Reset. 


7 6 5 4 3 2 +1 4 j Are Cool 

ower- egister 
BORG Reset (APRA) 
PP ET TT TT Jreauirea Bank 2, 


Index 4Ah 


PME1 Event Polarity/Edge select 


PME2 Event Polarity/Edge select 


L Leb configuration 


FIGURE 4-24. APCR4 Register Bitmap 


Bits 2-0 - PME1 Event Polarity/Edge Select 


These bits determine the physical conditions that trigger 
the PME1 Power Management Event. 


These bits are unaffected by Master Reset. 
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TABLE 4-10. PME1 Event settings select 


APCR4 bits 


Physical trigger condition 
210 y gg 


000 Low level 
001 High level 
010 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


Bits 5-3 - PME2 Event Polarity/Edge Select 


These bits determine the physical conditions that trigger 
the PME2 Power Management Event. 


These bits are unaffected by Master Reset. 
TABLE 4-11. PME2 Event settings select 


APCR4 bits 


Physical trigger condition 
543 ” Ad 


000 Low level 
001 High level 
010 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


Bits 7,6 - LED Configuration 
These bits determine the LED output signal. 


TABLE 4-12. LED Configuration settings 


APCR4 bits 


LED output 
76 


00 High Impedance 
01 Drive 0 
10 One Hz blink 


11 Reserved 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.5.12 APC Conirol Register 5 (APCR5) 


This register contains the IRRX2,1 event polarity/edge set- 
tings and configures I/O pin designations. 


Upon first Power-Up this register is reset to 2Dh. The bit set- 
tings are unaffected by Master Reset. 


7 6 5 4 3 2 4 
opoTt OT] 1 Poy] Power ve 
esl cl eelee tcl ane Required 


APC Control 
Register 5 
(APCRS5) 
Bank 2, 
Index 4Bh 


IRRX1 Event Polarity/Edge select 


IRRX2 Event Polarity/Edge select 


__ GP1O33 or RI2 select 
'_ Reserved 


FIGURE 4-25. APCR5 Register Bitmap 


Bits 2-0 - IRRX1 Event Polarity/Edge Select 


These bits determine the physical conditions that trig- 
ger the IRRX1 Event. 


These bits are unaffected by Master Reset. 
TABLE 4-13. IRRX1 Event settings select 


APCRS bits 


Physical trigger condition 
210 y gg 


Low level 


High level 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


Bits 5-3 - IRRX2 Event Polarity/Edge Select 


These bits determine the physical conditions that trigger 
the IRRX2 Event. 


These bits are unaffected by Master Reset. 
TABLE 4-14. IRRX2 Event settings select 


APCRS bits 


Physical trigger condition 
543 ¥ =a 


000 
001 


Low level 


High level 


Reserved 


APCRS bits 


Physical trigger condition 
543 ¥ a 


101 
110 


Falling Edge 


Rising Edge 
Falling or Rising Edge 


Bit 6 - GPIO33 or RI2 Pin select 

This pin routes signal GPIO33 or RI2 to I/O pin. 
0: RI2 selected 

1: GPIO33 selected 


Bit 7 - Reserved 


4.5.13 APC Control Register 6 (APCR6) 


This register contains the GPIO13,12 event polarity/edge 
settings and setting for extended wakeup options after pow- 
er failure. 


Upon first Power-Up this register is reset to 2Dh. The bit set- 
tings are unaffected by Master Reset. 


y al < as <a. Se | 
roToT POT Ts [oy peewee be 
PET TT I I dre auires 


APC Control 
Register 6 
(APCR6) 
Bank 2, 
Index 4Ch 


GPIO12 Event Polarity/Edge 
select 


GPIO13 Event Polarity/Edge select 


eg Extended wake-up options after Power failure 


FIGURE 4-26. APCR6 Register Bitmap 


Bits 2-0 - GPIO12 Event Polarity/Edge Select 


These bits determine the physical conditions that trig- 
ger the GPIO12 Event. 


These bits are unaffected by Master Reset. 
TABLE 4-15. GP1IO12 Event settings select 


APCR6 bits 


Physical trigger condition 
210 » wg 


000 
001 
010 


Low level 


High level 


Reserved 


Falling Edge 
Rising Edge 


Falling or Rising Edge 
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Bits 5-3 -GPIO13 Event Polarity/Edge Select 


These bits determine the physical conditions that trigger 
the GPIO13 Event. 


These bits are unaffected by Master Reset. 
TABLE 4-16. GP1IO13 Event settings select 


APCR6 bits 


Physical trigger condition 
543 . o 


000 
001 
010 


Low level 


High level 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


Bits 7,6 - Extended Wakeup options after Power Failure. 


These bits determine the system wake-up behavior af- 
ter return from Power failure, as follows: 


TABLE 4-17. Extended Wake-up Option settings 


APCR6 
Bits 
76 


Wake up Option 


00 |The MOAP bit (bit 4, APCR1) determines 


system response upon return from power failure 


While the Power Failure bit (bit 7, APCR1) is 
set, mask ONCTL activation except if a new 
enabled event occurs after power returns. 


While the Power Failure bit (bit 7, APCR1) is 
set, mask ONCTL activation except: 


01 


© if a MATCH event occurred during power 
failure 


© if a new enabled event occurs after power 
returns 


11  |Reserved 


4.5.14 APC Control Register 7 (APCR7) 


This register contains the P12 event polarity/edge settings, 
the Power Button Override time and the Power Supply Pro- 
tect Mode bit. 


Upon first Power-Up this register is reset to 05h. The bit set- 
tings are unaffected by Master Reset. 
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7 6 5 4 3 = 1 APC Control 
Register 7 
(APCR7) 
Bank 2, 


Index 4Dh 


2 power-Up 
Reset 


ea Required 


P12 Event Polarity/Edge select 
PWRBTNOR 
Power Supply Protect Mode 


Pee 


FIGURE 4-27. APCR7 Register Bitmap 


Bits 2-0 - P12 Event Polarity/Edge Select 


These bits determine the physical conditions that trigger 
the P12 event. 


Note that P12 is multiplexed with the CSO. In any case, 
it is the internal P12 port’s output that is detected. 


TABLE 4-18. P12 Event settings select 


APCR7 bits 


Physical trigger condition 
210 ’ ag 


000 
001 
010 


Low level 


High level 


Reserved 


Falling Edge 


Rising Edge 


Falling or Rising Edge 


Bit 3 - Power Button Override Time Select 
(PWRBTNOR) 


This bit selects the Power Button Override time. 
0: 4 seconds override time select. 
1: 3.95 seconds override time select 


Bit 4 - Power Supply Protect Mode 


0: ONCTL can be asserted only after 1 second 
passed since it was deasserted. 
When for the last 500 msec ONCTL is asserted but 
Vdd does not exist, ONCTL is deasserted. 

: ONCTL can be asserted immediately after it was 

deasserted. 
The case in which Vdd does not exist for 500 msec 
has no affect on ONCTL 


Bits 7-5 - Reserved 
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4.5.15 APC Status Register 1 (APSR1) 


This is read-only register. The bit settings are unaffected by 
Master Reset. 


7 6 5 4 3 2 1 


PPT eon? 
| | | | ff ff JRequirea eank2: 


SWITCH pin status 
Switch-On Event detect 


APC Status 
Register 1 
(APSR1) 


Reserved 


FIGURE 4-28. APSR1 Register Bitmap 


Bit 0 - Switch Pin Status 


This bit is holds the value of the SWITCH pin (before the 
debouncer). 


Bit 1 - Switch On event Detect 


This bit is set to 1 when a Switch On event is detected, 
regardless of the Power Button Enable bit (See “Bit 0 - 
Power Button Enable (PWRBTN_EN)” on page 79). It is 
cleared to 0 when the register is read. 


Bits 7-2 - Reserved 


4.5.16 Day-of-Month Alarm Address Register 
(DADDR) 


This register defines the Day-of-Month Alarm register loca- 
tion. The bit settings are unaffected by Master Reset. 


a -of-Month Alarm Address 
Register 
(DADDR) 

Bank 2 
Index 4Fh 


7.6 5 4.32: 4 
CTP op oper Reset 
PT TT Reauires 


Day-of-Month 
Alarm Address 


— Bank Select 
FIGURE 4-29. DADDR Register Bitmap 


Bits 6-0 - Offset Address of the Day-of-Month Alarm 
Register 


Bit 0 is the least significant bit of the address. 


Bit 7 - Bank Select 
0: Bank 0. 
1: Bank 1. 


77 


Upon first power on, it is initialized to C9h. 


4.5.17 Month Alarm Address Register (MADDR) 


This register defines the Month Alarm register location. The 
bit settings are unaffected by Master Reset. 


Month Alarm Address 
Register 
(MADDR) 

Bank 2 


Index 50h 


7 6 5 43 2 1 «0 
ee 
SaSBRBAES Required 


Month 
Alarm Address 


'— Bank Select 
FIGURE 4-30. MADDR Regisiter Bitmap 


Bits 6-0 - Offset Address of the Month Alarm Register 
Bit 0 is the least significant bit of the address. 


Bit 7 - Bank Select 
0: Bank 0. 
1: Bank 1. 
Upon first power on, it is initialized to CAh. 


4.5.18 Century Address Register (CADDR) 


This register defines the Century register location. The bit 
settings are unaffected by Master Reset. 


Century Address 
Register 
(CADDR) 

Bank 2 

Index 51h 


766. AB 2A 
CT Topp Toopo Reset 
PET TT  JReauires 


Century Address 


'— Bank Select 
FIGURE 4-31. CADDR Regisiter Bitmap 


Bits 6-0 - Offset Address of the Century Register 
Bit 0 is the least significant bit of the address. 


Bit 7 - Bank Select 
0: Bank 0. 
1: Bank 1. 
Upon first power on, it is initialized to C8h. 
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4.6 ACPI FIXED REGISTERS 
The APCI fixed registers are divided into four groups: 
© PM1 Event registers 


© PM1 Control registers 


© PM Timer registers 


© General Purpose Event registers 


These registers, their base address locations and their ad- 
dress offsets are listed in TABLE 4-5 "ACPI Fixed Register 
List." on page 61. These registers are accessed using their 
base address and the offset from the base address. 

The APCI Fixed registers are reset to 0 upon first Power Up, 
and are unaffected by Master Reset (unless specifically 
mentioned otherwise). 

Access to these registers is disabled by default and must be 
enabled via FER2 (see Section 10.2.4 on page 219). The 
access is not controlled by the Active register (Index 30h) of 
Logical Device 2 (RTC/APC) or by the Active register (Index 
30h) of Logical Device 8 (Power Management). 


PM1 EVENT REGISTERS 


4.6.1 Power Management 1 Status Low Byte Register 


(PM1_STS_LOW) 


All implemented bits are “sticky” bits: they are set to 1 bya 
hardware event, and are reset to 0 only by software writing 
a 1 to the bit location. (Set overrides reset in the event of 
conflict). 


Reserved bits are read-only, and will always return 0. 


rower Management 1 Status 
7 6 5 4 3 2 1 Low Byte Register 


ele pois fl Rect eM STSe LOW 
Beedle a eal Required Offset 00h 


TMR_STS 


Reserved 


GBL_STS 
Li Reserved 


FIGURE 4-32. PM1_STS_LOW Register Bitmap 


Bit 0 - Timer Status (TMR_STS) 


This bit is set to 1 when the most significant bit of the 
Power Management Timer (bit 23 - See 
PM1_TMR_HIGH) changes from low to high or from 
high to low. 


Bits 4-1 - Reserved 


Bit 5 - Global Lock Status (GBL_STS) 


This bit is set to 1 when a 1 is written to the BIOS Global 
Lock Release bit (See ACPI Support register, Power 
Management registers, in Logical device 8). 


Bits 7-6 - Reserved 
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POWER MANAGEMENT REGISTERS 
4.6.2 Power Management 1 Status High Byte 
Register (PM1_STS_HIGH) 


All implemented bits are “sticky” bits: they are set to 1 bya 
hardware event, and are reset to 0 only by software writing 
a 1 to the bit location.Reserved bits are read-only, and will 
always return 0. Set overrides reset. 


Power Management 1 Status 

High Byte Register 

7 65 43 2 1 «0 (PM1_STS_HIGH) 
Power-Up Offset 01h 


}9 |o [oo [0] x|0]0 Freset 
PT ET J Recuirea 


PWRBTN_STS 
Reserved 
RTC_STS 
PWRBTNOR_STS 


Reserved 
L WAK_STS 


FIGURE 4-33. PM1_STS_HIGH Register Bitmap 


Bit 0 - Power Button Status (PWRBTN_STS) 


This bit is set to 1 when a high to low transition is detect- 
ed on the SWITCH, regardless of the Power Button En- 
able bit (bit 0 of the PM1_EN_HIGH register). This bit 
may be cleared to 0 by either software (as described 
above) or by hardware, when the SWITCH input signal 
is O for over 3.95 or 4 seconds (as selected by bit 3 of 
APGR7). A high to low transition on the SWITCH input 
pin that occurs while the Power Button Status bit is be- 
ing cleared by software may be lost. The SWITCH state 
is detected after the debouncer. 


Bit 1- Reserved 


Bit 2 - Real Time Clock Status (RTC_STS) 
This bit is set to 1 when the real time clock detects an 
alarm condition (even if bit 5 of the RTC Control Regis- 
ter C is already set to 1). It is set to 1 regardless of the 
Real Time Clock Enable bit (bit 2 of PM1_EN_HIGH 
register). It is reset by software, as described above. 


Upon first power up, this bit may be 1 


Bit 3 - Power Button Override Status 
(PWRBTNOR_STS) 
This bit is set to 1 when the SWITCH input pin is 0 for 
over 3.95 or 4 seconds (as selected by bit 3 of APCR7), 
i.e., when the user presses the power button for more 
than 3.95 o r4 seconds. The SWITCH state is detected 
after the debouncer. 


Bit 6-4 - Reserved 
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Bit 7 - Wake Status (WAK_STS) 


This bit is set to 1, when the system is in the suspended 
state and an enabled Power Management event occurs. 
Exception to this is the Switch-Off event that can set this 
bit to '1', regardless of the Power Button Enable bit. Un- 
like the other status bits of this register, reset overrides 
set. 


Suspend state starts when Sleep Enable bit (of 
PM1_CNT_HIGH register) is written with a 1. 


Suspend state ends when PM1_STS LOW, 
PM1_STS_HIGH, PM1_EN LOW, PM1_EN HIGH, 
PM1_CNT_LOW, PM1_CNT_HIGH, GP1_STSO, 
GP1_ENO, GP2_ENO, PM1_TMR_LOW, 
PM1_TMR_MID, PM1_TMR_HIGH or PM1_TMR_EXT is 
accessed while Wake Status bit (of PM1_STS_HIGH reg- 
ister) is set. It ends on first access to any of these registers. 


Power Management events that affect this bit: RTC 
Alarm, Power Button, PME1, PME2, IRRX1, IRRX2, 
GPIO10, GPIO12, GPIO13, P12 (enabled by the 
GP1_EN0O register). 


4.6.3 Power Management 1 Enable Low Byte 


Register (PM1_EN_LOW) 
Reserved bits are read-only. Read returns 0. 


oT Management 1 Enable 
Low Byte Register 

Power-U 

Reset 


7 6 5 4 3 2 1 


p 
(PM1_EN LOW) 
Offset 02h 


PT EE TT | TJ Reauires 


Reserved 


GBL_EN 


is Ae eed 


FIGURE 4-34. PM1_EN_LOW Register Bitmap 


Bit 0 - Timer Enable (TMR_EN) 
This pin is reset to 0 upon Master Reset. 


0: Timer Status bit is ignored (bit 0 of the 
PM1_STS_LOW register) 


1: Activate the SCI signal, when the Timer Status bit 
is set to 1. 


Bits 4-1 - Reserved 


Bit 5 - Global Lock Enable (GBL_EN) 
This pin is reset to 0 upon Master Reset. 


0: Global Lock Status bit is ignored (bit 5 of the 
PM1_STS_LOW register) 


1: Activate the SCI signal, when the Global Lock Sta- 
tus bit is set to 1. 


Bits 7-6 - Reserved 


79 


4.6.4 Power Management 1 Enable High Byte 


Register (PM1_EN_HIGH) 
Reserved bits are read-only, and will always return 0. 


Power Management 1 Enable 
High Byte Register 

Q Power-Up 

Reset (PM1_EN_HIGH) 

Required Offset 03h 


7 6 5 4 3 2 1 


[9 Joo fo}o foo [ol 
bef |e ey 
PWRBTN_EN 


Reserved 
RTC_EN 


Reserved 


FIGURE 4-35. PM1_EN_HIGH Register Bitmap 


Bit 0 - Power Button Enable (PWRBTN_EN) 
This pin is reset to 0 upon Master Reset. 


0: Power Button Status bit is ignored (bit 0 of 
PM1_STS_HIGH) 


1: Activate the SCI pin when the Power Button Status 
bit is set to 1. 


Bit 1 - Reserved 


Bit 2 - Real Time Clock Alarm Enable (RTC_EN) 


0: Real Time Clock Alarm status bit is ignored (bit 2 of 
PM1_STS_HIGH) 


1: Activate the ONCTL pin and the SCI signal when 
the Real Time Clock Status bit is set to 1. 


Bits 7-3 - Reserved 
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4.6.5 Power Management 1 Control Low Byte 


Register (PM1_CNT_LOW) 
Reserved bits are read-only, and will always return 0. 


Power Management 1 Conirol 
Low Byte Register 

0 Power-Up 
Reset (PM1_CNT_LOW) 
Required Offset 00h 


7 6 5 4 3 2 1 


[9 Jo lo fo}o [ajo [ol 
ARS 
SCI_EN 


Reserved 
GBL_RLS 


Reserved 


FIGURE 4-36. PM1_CNT_LOW Register Bitmap 


Bit 0 - SCI/POR Select (SCI_EN) 


This pin routes Power Management events to either the 
POR or the SCI. 


The power management events affected are Power But- 
ton, PME2,1, IRRX2,1, GPIO10/12/13 or P12. 


Upon Master Reset, this bit is initialized to 0. 
0: Power management events are routed to POR. 


1: Power management events are routed to SCI 
(which is routed to an IRQ assignment). 


Bit 1 - Reserved 


Bit 2 - ACPI Global Lock Release (GBL_RLS) 


When a 1 is written to this bit, the ACPI GLobal Lock 
Status bit is set to 1 (See ACPI Support register, Logical 
device 8). This can assert POR. Writing a 0 to this bit 
has no effect on POR. 


Upon Master Reset, this bit is initialized to 0. 


Bits 7-3 - Reserved 
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4.6.6 Power Management 1 Control High Byte 


Register (PM1_CNT_HIGH) 
Reserved bits are read-only, and will always return 0. 


Power Management 1 Control 
High Byte Register 

Power-Up 
Reset (PM1_CNT_HIGH) 


PE TE ET J Requirea 


7 6 5 4 3 2 


Offset 01h 


Reserved 


SLP_EN 
Leetpesaned 


FIGURE 4-37. PM1_CNT_HIGH Register Bitmap 


Bits 0,1 - Reserved 


Bits 4-2 - Sleep Type (SLP_TYP) 
These read/write bits do not affect the PC87317. They are 
implemented only for compliance with the ACPI standard. 


In the ACPI standard they define the type of suspend mode the 
system should enter (when the Sleep Enable bit is set to 1). 


Bit 5 - Sleep Enable (SLP_EN) 
This bit is a write-only non-sticky bit. Read returns 0. 
0: Ignored 


1: Sleep Enable Status bit in the ACPI Support register is 
set to 1 (See Logical device 8). This can assert POR. 


Bits 7,6 - Reserved 
PM TIMER REGISTERS 


4.6.7 Power Management Timer Low Byte Register 


(PM1_TMR_LOW) 
This is a read-only register. 


Power Management Timer 
Low Byte Register 

0 Power-Up 
Reset (PM1_TMR_LOW) 
Required Offset 00h 


7 6 5 4 3 2 1 
ESESESESESESESES 
Peale PsP UE 


Power Management Timer Low Byte 


FIGURE 4-38. PM1_TMR_LOW Register Bitmap 


Bits 7-0 - Power Management Low Byte Bits 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.6.8 Power Management Timer Middle Byte Register 


(PM1_TMR_MID) 
This is a read-only register. 


Power Management Timer 

Middle Byte Register 
Power-Up 

Reset (PM1_TMR_MID) 


Pe ee ee Required Offset 01h 


7 6 5 43 2 1 «0 


Power Management Timer Middle Byte 


FIGURE 4-39. PM1_TMR_MID Register Bitmap 
Bits 7-0 - Power Management Timer Middle Byte bits. 


4.6.9 Power Management Timer High Byte Register 


(PM1_TMR_HIGH) 
This is a read-only register. 


ar ower Management Timer 


7 6 5 4 3 2 1 High Byte Register 


ENESERESESERESEN Se 
G 
PTT TTT TT Irecuires ~ onset 2h 


Power Management Timer High Byte 


FIGURE 4-40. PM1_TMR_HIGH Register Bitmap 


Bits 7-0 - Power Management Timer High Byte bits. 
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4.6.10 Power Management Timer Extended Byte 
Register (PM1_TMR_EXT) 


This read-only register always returns 00h. 


Power Management Timer 
Extended Byte Register 

0 Power-Up 
Reset (PM1_TMR_EXT) 
Required Offset 03h 


7 6 5 4 3 2 1 


Power Management Timer 
Extended Byte 


FIGURE 4-41. PM1_TMR_EXT Register Bitmap 


.Bits 7-0 - Power Management Timer extended Byte bits. 
4.7 GENERAL PURPOSE EVENT REGISTERS 


4.7.1. General Purpose 1 Status Register (GP1_STS0) 


All implemented bits are “sticky” bits: they are set to 1 bya 
hardware event, and are reset to 0 only by software writing 
a 1 to the bit location. Set overrides reset. Read returns 0. 


Upon first power Up, these bits are initialized to 0. Upon 
Master Reset, bits 4 to 7 are reset to 0. 


General Purpose 1 
Status Register 
(GP1_STSO) 
Offset 00h 


7 6 5 43 2 1 «0 


Power-Up 
Reset 


PE J Reauirea 


PME1_S 

PME2_S 
IRRX1_S 
IRRX2_S 
GPIO12_S 
GPIO13_S 
'— GPIO10_S 
P12_S 


FIGURE 4-42. GP1_STSO Register Bitmap 


Bit 0 - PME1 Status (PME1_S) 


This bit is set to 1, when a PME1 event occurs, regard- 
less of the PME1 Enable bit setting (bit 0 of the 
GP1_ENO and GP2_EN0O registers). PME1 Event is de- 
fined by bits 2-0 of the APCR4 register. 


Bit 1 - PME2 Status (PME2_S) 


This bit is set to 1, when a PME2 event occurs, regard- 
less of the PME2 Enable bit setting (bit 1 of the 
GP1_ENO and GP2_EN0O registers). PME2 Event is de- 
fined by bits 5-3 of the APCR4 register. 
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Bit 2 - IRRX1 Status (IRRX1_S) 


This bit is set to 1, when an IRRX1 event occurs, regard- 
less of the IRRX1 Enable bit setting (bit 2 of the 
GP1_ENO and GP2_EN0O registers). IRRX1 Event is de- 
fined by bits 2-0 of the APCR8 register. 


Bit 3 - IRRX2 Status (IRRX2_S) 


This bit is set to 1, when an IRRX2 event occurs, regard- 
less of IRRX2 Enable bit (bit 3 of the GP1_ENO and 
GP2_EN0O registers). IRRX2 Event is defined by bits 5- 
3 of the APCR5 register. 

Note that if bit 3 of the GP1_EN0O register and bit 3 of the 


GP2_ENO register are both cleared to 0, spurious 
IRRX2 events may be detected by this bit. 


Bit 4 - GPIO12 Status (GPIO12_S) 
This bit is set to 1, when a GPIO12 event occurs, re- 
gardless of the GPIO12 Enable bit setting (bit 4 of the 
GP1_ENO and GP2_ENO registers). GPIO12 Event is 
defined by bits 2-0 of the APCR6 register. 


Bit 5 - GPIO13 Status (GPIO13_S) 
This bit is set to 1, when a GPIO13 event occurs, re- 
gardless of the GPIO13 Enable bit setting (bit 5 of the 
GP1_ENO and GP2_EN0O registers). GPIO13 Event is 
defined by bits 5-3 of the APCR6 register. 


Bit 6 - GPIO10 Status (GPIO10_S) 
This bit is set to 1, when a GPIO10 event occurs, re- 
gardless of the GPIO10 Enable bit setting (bit 6 of the 
GP1_ENO and GP2_EN0O registers). GPIO10 Event is 
defined by bits 7-5 of the APCR3 register. 


Bit 7 - P12 Status (P12_S) 
This bit is set to 1, when a P12 event occurs, regardless 
of the P12 Enable bit setting (bit 7 of the GP1_ENO and 
GP2_EN0O registers). P12 Event is defined by bits 2-0 of 
the APCR7 register. Note that P12 is multiplexed with 
CSO. In any case, the internal P12 port’s output is de- 
tected. 


4.7.2_General Purpose 1 Status 1 Register 


(GP1_STS1), Offset 01h 
This register is reserved. Read returns 0. 


4.7.3 General Purpose 1 Status 2 Register 


(GP1_STS2), Offset 02h 
This register is reserved. Read returns 0. 


4.7.4 General Purpose 1 Status 3 Register 


(GP1_STS3), Offset 03h 
This register is reserved. Read returns 0. 


4.7.5 General Purpose 1 Enable 0 Register 


(GP1_ENO) 


Upon first power Up, these bits are initialized to 0. Upon 
Master Reset, bits 4 to 7 are reset to 0. 
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General Purpose 1 


(GP1_ENO) 
Offset 04h 


IRRX1_E 
IRRX2_E 
GPIO12_E 
GPIO13_E 
__ GPIO10_E 
P12 E 


FIGURE 4-43. GP1_ENO Register Bitmap 


Bit 0 - PME1 Enable (PME1_E) 

0: PME1 Status bit is ignored (bit 0 of the GP1_STSO 
register). 

1: When the PME1 Status bit is 1: 
- Activate the ONCTL pin. 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 
When PME1 is not selected on its corresponding 
pin, this bit should be 0. 


Bit 1 - PME2 Enable (PME2_E) 

0: PME2 Status bit is ignored (bit 1 of the GP1_STSO 
register). 

1: When the PME2 Status bit is 1: 
- Activate the ONCTL pin. 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 
When PME2 is not selected on its corresponding 
pin, this bit should be 0. 


Bit 2 - IRRX1 Enable (IRRX1_E) 

0: IRRX1 Status bit is ignored (bit 2 of the GP1_STSO 
register). 

1: When the IRRX1 Status bit is 1: 
- Activate the ONCTL pin. 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 
When IRRX1 is not selected on its corresponding 
pin, this bit should be 0. 


Bit 3 - IRRX2 Enable (IRRX2_E) 

0: IRRX2 Status bit is ignored (bit 3 of the GP1_STSO 
register). 

1: When the IRRX2 Status bit is 1: 
- Activate the ONCTL pin. 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 
When IRRX2 is not selected on its corresponding 
pin, this bit should be 0. 


Bit 4 - GPIO12 Enable (GPIO12_E) 
0: GPIO12 Status bit is ignored 
GP1_STSO register). 


1: When the GPIO12 Status bit is 1: 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 


(bit 4 of the 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


Bit 5 - GPIO13 Enable (GPIO13_E) 
0: GPIO13 Status bit is ignored 
GP1_STSO register). 


1: When the GPIO13 Status bit is 1: 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 


(bit 5 of the 


Bit 6 - GPIO10 Enable (GPIO10_E) 


0: GPIO10 Status bit is ignored 
GP1_STSO register). 

1: When the GPIO10 Status bit is 1: 
- Activate the ONCTL pin. oe 
- Activate the SCI signal or the POR pin (according 
to bit O of the PM1_CNT_LOW register). 


(bit 6 of the 


Bit 7 - P12 Enable (P12_E) 
0: P12 Status bit is ignored (bit 7 of the GP1_STSO 
register). 
1: When the P12 Status bit is 1: 
- Activate the SCI signal or the POR pin (according 
to bit 0 of the PM1_CNT_LOW register). 


4.7.6 General Purpose 1 Enable 1 Register 


(GP1_EN1), Offset 05h 
This register is reserved. Read returns 0. 


4.7.7 General Purpose 1 Enable 2 Register 


(GP1_EN2), Offset O6hr 
This register is reserved. Read returns 0. 


4.7.8 General Purpose 1 Enable 3 Register 


(GP1_EN3), Offset 07h 
This register is reserved. Read returns 0. 


4.7.9 General Purpose 2 Enable 0 Register 


(GP2_ENO) 


Upon first power Up and Master Reset, these bits are initial- 
ized to 0. 


General Purpose 2 

p r Enable Register 
Ower-UP (GP2_ENO) 
Gese! Offset 08h 


PT TE ET Tt J Resuires 


PME1_E 

PME2 E 
IRRX1_E 
IRRX2_E 
GP1IO12 Enable 
GPIO13_E 
_ GPIO10_E 
P12 E 


7 6 5 4 3 2 1 ~«0 


FIGURE 4-44. GP2_ENO Register Bitmap 


Bit 0 - PME1 Enable (PME1_E) 
0: PME1 Status bit is ignored (bit 0 of the GP1_STSO 
register). 
1: Activate the POR pin, when the PME1 Status bit is 1, 
regardless of bit 0 of the PM1_CNT_LOW register. 


When PME1 is not selected on its corresponding pin, 
this bit should be 0. 
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Bit 1 - PME2 Enable (PME2_E) 

0: PME2 Status bit is ignored (bit 1 of the GP1_STSO 
register). 

1: Activate the POR pin, when the PME2 Status bit 
is 1, regardless of bit 0 of the PM1_CNT_LOW 
register. 

When PME2 is not selected on its corresponding pin, 

this bit should be 0. 


Bit 2 - IRRX1 Enable (IRRX1_E) 
0: IRRX1 Status bit is ignored (bit 2 of the GP1_STSO 
register). 
1: Activate the POR pin, when the IRRX1 Status bit 
is 1, regardless of bit 0 of the PM1_CNT_LOW 
register. 


When IRRX1 is not selected on its corresponding pin, 
this bit should be 0. 


4.7.10 Bit 3 - IRRX2 Enable (IRRX2_E) 
0: IRRX2 Status bit is ignored (bit 3 of the GP1_STSO 
register) 
1: Activate the POR pin, when the IRRX2 Status bit 
is 1, regardless of bit 0 of the PM1_CNT_LOW 
register. 


When IRRX2 is not selected on its corresponding pin, 
this bit should be 0. 


Bit 4 - GPIO12 Enable (GPIO12_E) 


0: GPIO12 Status bit is ignored 
GP1_STSO register). 


1: Activate the POR pin, when the GPIO12 Status bit is 


(bit 4 of the 


1, regardless of bit 0 of the PM1_CNT_LOW register. 


Bit 5 - GPIO13 Enable (GPIO13_E) 
0: GPIO13 Status bit is ignored 
GP1_STSO register) 
1: Activate the POR pin, when the GPIO13 Status bit is 
1, regardless of bit 0 of the PM1_CNT_LOW register. 


(bit 5 of the 


Bit 6 - GPIO10 Enable (GPIO10_E) 
0: GPIO10 Status bit is ignored 
GP1_STSO register). 
1: Activate the POR pin, when the GPIO10 Status bit is 
1, regardless of bit 0 of the PM1_CNT_LOW register. 


(bit 6 of the 


Bit 7 - P12 Enable (P12_E) 
0: P12 Status bit is 
GP1_STSO register). 
1: Activate the POR pin, when the P12 Status bit is 1, 
regardless of bit 0 of the PM1_CNT_LOW register. 


ignored (bit 7 of the 


4.7.11 SMI Command Register (SMI_CMD), Offset OCh 


This is an 8-bit read/write register. The data held in this reg- 
ister has no affect on the PC87317. Any write to this register 
sets bit 5 of the ACPI Support register (see Logical Device 
8). This can assert POR. 
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4.8 RTC AND APC REGISTER BITMAPS 4.8.2 APC Register Bitmaps 
4.8.1. RTC Register Bitmaps 


& Oe 9 DA. 52. 3 APC Control 
RTC Control Bowel p Register 1 
Register A eset (APCR1) 
(CRA) Required index 40h 
i Required Index OAh 
ee Failsafe Timer Trigger Cmd. 
Switch Off Delay Option 
POR Edge or Level Select 
Level POR Clear Command 
MOAP 
SOC 


__ Fail-safe Timer Reset Command 
‘_ Power Failure 


APC Control 
RTC Control Power-Up Register 2 
Register B Reset (APCR2) 


egeruer Required Index 41h 


TME 
RSS 
24 or 12 Hour Mode RPTDM 
DM 
RE 
Unused RIE 


— SODE 
— Software On Command 


7 6 5 4 3 2 1 RTC Control 7 6 5 4 3 2 APC Status 


SGDOOO0G ee io 
| | | | jofojofo Required Index 0Ch Index 42h 


. pe Reserved 


— Reserved 


RTC Control 76543 2 1 ‘ een up Day of week 
resite’® — [iTs[opoToTop Oyo] nsrUe Rega 
Index ODh Bees Required Index 43h 


Wake up Day-of-Week Bits 
Reserved 


“Don’t Care” control bits 
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Wake up Date-of-Month 
Register 
(WDMR) 
Bank 2 

Index 44h 


76543210 
EO a 
PLT ET Tt | J Requires 


Wake up Date of Month Bits 


“Don’t Care” control bits 


Wake up Month 
Register 
(WMR) 
Bank 2 
Index 45h 


76 5A O84 
BEBOOROO 
PT ET ET J Requires 


Wake up Month Bits 


“Don’t Care” control bits 


Wake up Year 
Register 
(WYR) 

Bank 2 

Index 46h 


7 6 5 4 3 2 1 
BEOOOOO 4G 
PT Tt J Reauires 


Wake up Year Bits 


“Don’t Care” control bits 


76543 21 
[oT oT OTaLaT oT oT apPover Up 
PT ET 8] 8] Requires 


Reserved 
Reserved 
Reserved 
Upper RAM Block 
RAM Block Read 
RAM Block Write 
_ RAM Mask Write 
L_ RAM Lock 


RAM Lock 
Register 
(RLR) 
Index 47h 


Wake up Century 
Register 
(WCR) 
Bank 2 
Index 48h 


7 6 5 4 3 2 1 
BEOOOOO 
PT TT TT J Reauire 


Wake up Century Bits 


“Don’t Care” control bits 


7 6 2 4-3 2 APC Control 
Register 3 
(APCR3) 


Index 49h 


PME1 or GPIO16 select 
PME2 or GPIO15 select 
LED or CSO select 
GP1024 or IRRX1 select 
GPIO37 or IRRX2/IRSLO/IDO Select 


Beer Event Polarity/Edge select 


7 6 2 4 : 7 APC Control 
Register 4 
(APCR4) 


Index 4Ah 


PME1 Event Polarity/Edge select 


PME2 Event Polarity/Edge select 


| LED configuration 


7-65 8 3 2A 
roToT POT Ts [oT feower be 
PET ET I dre auires 


APC Control 
Register 5 
(APCRS5) 
Index 4Bh 


IRRX2 Event Polarity/Edge select 
L_ GPIO33 or RI2 select 
— Reserved 
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aPirarireran; 


APC Control 
Register 6 
(APCR6) 
Index 4Ch 


2 power-Up 
Reset 


ie 


GPIO12 Event Polarity/Edge 
select 


GPIO13 Event Polarity/Edge select 


Lay Extended wake-up options after Power failure 


APC Control 
Register 7 
(APCR7) 
Index 4Dh 


7 6 5 43 2 | 
Power-Up 


ropoTo TOTO] Poy +] ame 
Fac Required 


P12 Event Polarity/Edge select 
Power Button Override Select time 
Power Supply Protect Mode 


Ls ete 


76543 21 
CT TTT Terre” 
PET | Et TY freauires 


SWITCH pin status 
Switch -On Event detect 


APC Status 
Register 1 
(APSR1) 
Index 4Eh 


Reserved 


pA -of-Month Alarm Address 
1 Register 
(DADDR) 
Bank 2 
Index 4Fh 


~ 6) 5 AS 3 2 
PT ToT OT [op oy poser 
PT Requires 


Day-of-Month 
Alarm Address 


'— Bank Select 
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7 6 5 4 3 2 Date-of-Month Alarm 


Register 
PE TT TY ET JReauire 


(DMAR) 
Relocatable Index 
in BankO or Bank1 


Day-of-Month 
Alarm Bits 


“Don’t Care” control bits 


Month Alarm 
Register 
(MAR) 


7 6 5 4 3 2 1 
Power-Up 


Toop op op Reset 
PE Requires 


Relocatable Index 
in BankO or Bank1 


Month 
Alarm Bits 


“Don’t Care” control bits 


Month Alarm Address 
Register 
(MADDR) 

Bank 2 


Index 50h 


7 6) Sb de 0 
Ia ED 
PT TT required 


Month 
Alarm Address 


'— Bank Select 


Century 
Register 
(CR) 


7 6 5 4 3 2 1 
Power-Up 


DOOGDO0 Reset 
PE Requires 


Relocatable Index 
in BankO or Bank1 


Century 
Bits 


Century Address 
Register 
(CADDR) 

Bank 2 
Index 51h 


7 6 5 4 3 2 1 =«0 


Century Address 


'— Bank Select 


Power Management 1 Status 


7 6 5 4 3 2 1 Low Byte Register 


TMR_STS 


Reserved 


GBL_STS 


ee aResanied 


Power Management 1 Status High 
Byte Register 


PWRBTN_STS 
Reserved 
RTC_STS 
PWRBTNOR_STS 


eae 


L_ WAK_STS 


Power Management 1 Enable Low 
Byte Register 


Reserved 


Lee RSsenied 


Power Management 1 Enable High 
Byte Register 


(PM1_EN_HIGH) 
Offset 01h 


PWRBTN_EN 
Reserved 
RTC_EN 


Reserved 


Power Management 1 Control 


7 65 43 2 1 Low Byte Register 


Reserved 
GBL_RLS 


LE 
Power Management 1 Control 


7 6 5 4 3 2 1 =«0 High Byte Register 
Power-Up 
Reset (PM1_CNT_HIGH) 


| | {| | | | | |. |Required ~ Offset oth 


Reserved 


SLP_EN 


ls ee Ssaned 


Power Management Timer Low 
7 6 5 4 3 2 1 «0 Byte Register 
Power-Up 


Reset (PM1_TMR_LOW) 


| | {| | ft | |] | Required ~ Offset 00h 


Power Management Timer Low Byte 


www.national.com 


SdVWLIE YALSISAY OdV GNV OLY 


SdVWLIE YALSIOSY OdV GNV OLY 


Power Management Timer Middle 
7 6 5 4 3 2 1 «0 Byte Register 
Power-Up 

Reset (PM1_TMR_MID) 


PE ET TT TT Jrecuires Offset 00h 


Power Management Timer Middle Byte 


Power Management Timer 


7 6 5 4 3 2 1 High Byte Register 


Power-Up 
Reset (PM1_TMR_HIGH) 
Offset 02h 


Power Management Timer High Byte 


Power Management Timer 


7 6 5 4 3 2 1 O Extended Byte Register 


Power Management Timer 
Extended Byte 


765423210 General Purpose 1 


Status Register 


eres: Reset TS Om 
Required 


P12 S 
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General Purpose 1 
Eee era Enable Register 


PTTL dane Sm 
Required 


PME1_E 

PME2_E 
IRRX1_E 
IRRX2_E 
GPIO12 E 
GPIO13_E 
L_ GPIO10_E 
P12 E 


765432 4 General Purpose 2 


(GP2_EN0O) 
Offset 08h 


IRRX1_E 
IRRX2_E 
GPIO12_E 
GPIO13_E 
L_ GPIO10_E 
P12 E 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


4.9 REGISTER BANK TABLES 
TABLE 4-19. Banks 0, 1 and 2 - Common 64-Byte Memory Map 


FUNCTION 


BCD FORMAT 


BINARY FORMAT COMMENTS 


Seconds 


00-59 


00-3b R/W 


Seconds Alarm 


Minutes 


00-59 
00-59 


00-3b R/W 


00-3b 


Minutes Alarm 


00-59 


00-3b 


Hours 


12hr = 01-12 (AM) 


01-Oc (AM) 


12hr = 81-92 (PM) 


81-8c (PM) 


24hr = 00-23 


00-17 


Hours Alarm 


12hr = 01-12 (AM) 
12hr = 81-92 (PM) 


01-0c (AM) 
81-8c (PM) 


24hr = 00-23 


00-17 


Day-of-Week 


01-07 


01-07 (Sunday = 1) 


Day-of-Month 


01-31 


01-1f 


Month 


01-12 


01-0c 


Year 


Control Register A 


00-99 


00-63 
R/W (bit 7 is read only) 


Control Register B 


R/W (bit 3 is read only) 


Control Register C 


All bits read only 


Control Register D 


All bits read only 


OEh-3Fh} Gene 


ral Purpose RAM 


R/W 


TABLE 4-20. Bank 0 Registers - General Purpose Memory Bank 


Register 


Index 


Type 


Power-on Value 


Function 


00h-3Fh 


The first 14 RTC registers and the first 50 RTC 
RAM bytes are shared among banks 0, 1 and 2. 


Register 


40h - 7Fh 


R/W 


General Purpose 64-Byte Battery-Backed RAM. 


TABLE 4-21. Bank 1 Registers - RTC Memory Bank 


Index 


Power-on Value 


Function 


00h-3Fh 


40h-47h 


Banks 0, 1 and 2 share the first 14 RTC registers and the 
first 50 RTC RAM bytes. 


Reserved. Writes have no effect and reads return 00h 


Century 


48h(relocatable) 


BCD Format: 00-99. Binary Format: 00-63 


Date Of Month 
Alarm 


49h 


BCD Format: 01-31. Binary Format 01-1F. Bits 6,7 are 
“don’t care” control 


Month Alarm 


4Ah 


BCD Format: 01-12. Binary Format 01-0c. Bits 6,7 are 
“don’t care” control 


4Bh-4Fh 


Reserved 
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Register Power-on Value Function 


Upper RAM Bits 6-0: Address of the upper 128 RAM bytes. 
Address Port Bit 7: Reserved 


51h-52h Reserved 


The byte pointed by the Upper RAM Address Port is 
accessed via this register. 


54h-7Fh Reserved 


Upper RAM Data 


Port 53h 


TABLE 4-22. Bank 2 Registers - APC Memory Bank 


Register Index | Type Power-On Value Function 


00h - 3Fh Banks 0, 1 and 2 share the first 14 RTC 
registers and the first 50 bytes of RTC RAM. 


APC Control Register 1 40h 00h See Section 4.5.1 
(APCR1) 


APC Control Register 2 4th 00h See Section 4.5.2 
(APCR2) 


APC Status Register (APSR) 42h 1000001 (binary) |See Section 4.5.3 
(bit 7 is indeterminate) 


Wake Up Day-of-Week 43h BCD Format: 01-07 
Binary Format: 01-07 (Sunday = 1) 


Wake Up Day-of-Month 44h BCD Format: 01-31 
Binary Format: 01-1F 


Wake Up Month 45h BCD Format: 01-12 
Binary Format: 01-0C 


Wake Up Year 46h BCD Format: 00-99 
Binary Format: 00-63 


RAM Lock 47h 00h See Section 4.5.8 
initialized also on 
MR pin reset. 

Wake Up Century BCD Format: 00-99 
Binary Format: 00-63 


APC Control Register 3 See Section 4.5.10 
(APCR3) 


APC Control Register 4 See Section 4.5.11 
(APCR4) 


APC Control Register 5 See Section 4.5.12 
(APCRS5) 


APC Control Register 6 See Section 4.5.13 
(APCR6) 


APC Control Register 7 See Section 4.5.14 
(APCR7) 


APC Status Register 1 See Section 4.5.15 
(APSR1) 


Date of Month Alarm Contains the Date of Month Alarm Relocatable 
Address Register index within bank 0 or 1 


www.national.com 90 


Real-Time Clock (RTC) and Advanced Power Control (APC) (Logical Device 2 


Register Index Power-On Value Function 


Month Alarm Address 50h CAh Contains the Month Alarm Relocatable index 
Register within bank 0 or 1 


Century Address Register 51h C8h Contains the Century Relocatable index within 
bank 0 or 1 


52h-7Fh Reserved 


TABLE 4-23. Available General Purpose Bytes 


Index Number of Bytes 


OEh - 3Fh 50 
40h - 7Fh 64 
50h, 53h Indirect access via 50h for address and 53h for data. 


Total 
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The Digital Flopp 


5.0 The Digital Floppy Disk Controller 
(FDC) (Logical Device 3) 


The Floppy Disk Controller (FDC) is suitable for all PC-AT, 
EISA, PS/2, and general purpose applications. DP8473 and 
N82077 software compatibility is provided. Key features in- 
clude a 16-byte FIFO, PS/2 diagnostic register support, per- 
pendicular recording mode, CMOS disk input and output 
logic, and a high performance Digital Data Separator 
(DDS). 


FIGURE 5-1 "FDC Functional Block Diagram" shows a 
functional block diagram of the FDC. The rest of this chapter 
describes the FDC functions, data transfer, the FDC regis- 
ters, the phases of FDC commands, the result phase status 
registers and the FDC commands, in that order. 


5.1 FDC FUNCTIONS 


FDC functions are enabled when the FDC Function Enable 
bit (bit 3) of the Function Enable Register 1 (FER1) at offset 
00h in logical device 8 is set to 1. See Section 10.2.3 "Func- 
tion Enable Register 1 (FER1)" on page 219. 


The PC87317 is software compatible with the DP8473 and 
82077 Floppy Disk Controllers (FDCs). Upon a power-on 
reset, the 16-byte FIFO is disabled. Also, the disk interface 
output signals are configured as active push-pull output sig- 
nals, which are compatible with both CMOS input signals 
and open-collector resistor terminated disk drive input sig- 
nals. 


Disk Controller (FDC) (Logical Device 3 


The FIFO can be enabled with the CONFIGURE command. 
The FIFO can be very useful at high data rates, with sys- 
tems that have a long DMA bus latency, or with multi-task- 
ing systems such as the EISA or MCA bus structures. 


The FDC supports all the DP8473 MODE command fea- 
tures as well as some additional features. These include 
control over the enabling of the FIFO for read and write op- 
erations, disabling burst mode for the FIFO, a bit that will 
configure the disk interface outputs as open-drain output 
signals, and programmability of the DENSEL output signal. 


5.1.1 


The Floppy Disk Controller (FDC) receives commands, 
transfers data, and returns status information via an FDC 
microprocessor interface. This interface consists of the 
A9-3, AEN, RD, and WR signals, which access the chip for 
read and write operations; the data signals D7-0; the ad- 
dress lines A2-0, which select the appropriate register (see 
TABLE 5-1 "The FDC Registers and Their Addresses" on 
page 96) an IRQ signal, and the DMA interface signals 
DRQ, DACK, and TC. 


Microprocessor Interface 


5.1.2 System Operation Modes 


The FDC operates in PC-AT or PS/2 drive mode, depending 
on the value of bit 2 of the Superl/O Configuration 1 register 
at index 21h. See Section 2.4.3 "Superl/O Configuration 1 
Register (SIOC1)" on page 37. 
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FIGURE 5-1. FDC Functional Block Diagram 
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PC-AT Drive Mode 


The PC-AT register set is enabled. The DMA enable bit in 
the Digital Output Register (DOR) becomes valid (the ap- 
propriate IRQ and DRQ signals can be put in TRI-STATE). 
TC and DENSEL become active high signals (default to a 
5.25" floppy disk drive). 


PS/2 Drive Mode 


This drive mode supports the PS/2 models 50/60/80 config- 
uration and register set. The value of the DMA enable bit in 
the Digital Output Register (DOR) becomes unimportant 
(the IRQ and DRQ signals assigned to the FDC are always 
valid). TC and DENSEL become active low signals (default 
to 3.5" floppy drive). 


5.2 DATA TRANSFER 


5.2.1 Data Rates 


The FDC supports the standard PC data rates of 250, 300 
and 500 Kbps, as well as 1 Mbps. High performance tape 
and floppy disk drives that are currently emerging in the PC 
world, transfer data at 1 Mbps. The FDC also supports the 
perpendicular recording mode, a new format used for some 
high capacity disk drives at 1 Mbps. 


The internal digital data separator needs no external com- 
ponents. It improves the window margin performance stan- 
dards of the DP8473, and is compatible with the strict data 
separator requirements of floppy disk drives and tape 
drives. 


The FDC contains write precompensation circuitry that de- 
faults to 125 nsec for 250, 300, and 500 Kbps (41.67 nsec 
at 1 Mbps). These values can be overridden in software to 
disable write precompensation or to provide levels of pre- 
compensation up to 250 nsec. 


The FDC has internal 24 mA data bus buffers which allow 
direct connection to the system bus. The internal 40 mA to- 
tem-pole disk interface buffers are compatible with both 
CMOS drive input signals and 150 resistor terminated disk 
drive input signals. 


5.2.2 


The internal data separator is a fully digital PLL. The fully 
digital PLL synchronizes the raw data signal read from the 
disk drive. The synchronized signal is used to separate the 
encoded clock and data pulses. The data pulses are broken 
down into bytes, and then sent to the microprocessor by the 
controller. 


The FDC supports data transfer rates of 250, 300, 500 Kbps 
and 1 Mbps in Modified Frequency Modulation (MFM) for- 
mat. 


The Data Separator 


The FDC has a dynamic window margin and lock range per- 
formance capable of handling a wide range of floppy disk 
drives. In addition, the data separator operates under a va- 
riety of conditions, including high fluctuations in the motor 
speed of tape drives that are compatible with floppy disk 
drives. 


The dynamic window margin is the primary indicator of the 
quality and performance level of the data separator. It indi- 
cates the toleration of the data separator for Motor Speed 
Variation (MSV) of the drive spindle motor and bit jitter (or 
window margin). 


FIGURE 5-2 "PC87317 Dynamic Window Margin 
Performance" shows the dynamic window margin in the 
performance of the FDC at different data rates, generated 
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using a FlexStar FS-540 floppy disk simulator and a propri- 
etary dynamic window margin test program written by 
National Semiconductor. 
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FIGURE 5-2. PC87317 Dynamic Window Margin 
Performance 


The x axis measures MSV. MSV is translated directly to the 
actual rate at which the data separator reads data from the 
disk. In other words, a faster than nominal motor results in 
a higher data rate. 


The dynamic window margin performance curve also indi- 
cates how much bit jitter (or window margin) can be tolerat- 
ed by the data separator. This parameter is shown on the y- 
axis of the graph. Bit jitter is caused by the magnetic inter- 
action of adjacent data pulses on the disk, which effectively 
shifts the bits away from their nominal positions in the mid- 
dle of the bit window. Window margin is commonly mea- 
sured as a percentage. This percentage indicates how fara 
data bit can be shifted early or late with respect to its nomi- 
nal bit position, and still be read correctly by the data sepa- 
rator. If the data separator cannot correctly decode a shifted 
bit, then the data is misread and a CRC error results. 


The dynamic window margin performance curve supplies 
two pieces of information: 


© The maximum range of MSV (also called “lock range”) 
that the data separator can handle with no read errors. 


® The maximum percentage of window margin (or bit jitter) 
that the data separator can handle with no read errors. 


Thus, the area under the dynamic window margin curves in 
FIGURE 5-2 "PC87317 Dynamic Window Margin 
Performance" is the range of MSV and bit jitter that the FDC 
can handle with no read errors. The internal digital data sep- 
arator of the FDC performs much better than comparable 
digital data separator designs, and does not require any ex- 
ternal components. 
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The controller maximizes the internal digital data separator 
by implementing a read algorithm that enhances the lock 
characteristics of the fully digital Phase-Locked Loop (PLL). 
The algorithm minimizes the effect of bad data on the syn- 
chronization between the PLL and the data. 

It does this by forcing the fully digital PLL to re-lock to the 
clock reference frequency any time the data separator at- 
tempts to lock to a non-preamble pattern. See the state di- 
agram of this read algorithm in FIGURE 5-3 "Read 
Algorithm State Diagram". 
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— Bit is not 
Fe nine pean Not third 


address mark. 


FIGURE 5-3. Read Algorithm State Diagram 


5.2.3. Perpendicular Recording Mode Support 


The FDC is fully compatible with perpendicular recording 
mode disk drives at all data transfer rates. These perpendic- 
ular drives are also called 4 Mbyte (unformatted) or 2.88 
Mbyte (formatted) drives. This refers to their maximum stor- 
age capacity. 


Perpendicular recording orients the magnetic flux changes 
(which represent bits) vertically on the disk surface, allow- 
ing for a higher recording density than conventional longitu- 
dinal recording methods. This increased recording density 
increases data rate by up to 1 Mbps, thereby doubling the 
storage capacity. In addition, the perpendicular 2.88 MB 
drive is read/write compatible with 1.44 MB and 720 KB dis- 
kettes (500 Kops and 250 Kbps respectively). 


The 2.88 MB drive has unique format and write data timing 
requirements due to its read/write head and pre-erase head 
design. This is illustrated in FIGURE 5-4 "Perpendicular Re- 
cording Drive Read/Write Head and Pre-Erase Head". 


Unlike conventional disk drives which have only a 
read/write head, the 2.88 MB drive has both a pre-erase 
head and read/write head. With conventional disk drives, 
the read/write head, itself, can rewrite the disk without prob- 
lems. 2.88 MB drives need a pre-erase head to erase the 
magnetic flux on the disk surface before the read/write head 
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can write to the disk surface. The pre-erase head is activat- 
ed during disk write operations only, i.e. FORMAT and 
WRITE DATA commands. 


In 2.88 MB drives, the pre-erase head leads the read/write 
head by 200 um, which translates to 38 bytes at 1 Mbps (19 
bytes at 500 Kbps). 


200 um ———> 
(38 bytes @ 1 Mbps) 


Data Field 
Preamble 


End of 
ID Field 


Intersector 
Gap 2 =41x4Eh 


FIGURE 5-4. Perpendicular Recording Drive 
Read/Write Head and Pre-Erase Head 


For both conventional and perpendicular drives, WGATE is 
asserted with respect to the position of the read/write head. 
With conventional drives, this means that WGATE is assert- 
ed when the read/write head is located at the beginning of 
the preamble to the data field. 


With 2.88 MB drives, since the preamble must be erased 
before it is rewritten, WGATE should be asserted when the 
pre-erase head is located at the beginning of the preamble 
to the data field. This means that WGATE should be assert- 
ed when the read/write head is at least 38 bytes (at 1 Mbps) 
before the preamble. TABLES 5-15 "Effect of Drive Mode 
and Data Rate on FORMAT TRACK and WRITE DATA 
Commands" on page 122 and 5-16 "Effect of GDC Bits on 
FORMAT TRACK and WRITE DATA Commands" on page 
122 show how the perpendicular format affects gap 2 and, 
consequently, WGATE timing, for different data rates. 


Because of the 38-byte spacing between the read/write 
head and the pre-erase head at 1 Mbps, the gap 2 length of 
22 bytes used in the standard IBM disk format is not long 
enough. The format standard for 2.88 MB drives at 1 Mbps 
called the Perpendicular Format, increases the length of 
gap 2 to 41 bytes. See FIGURE 5-19 "IBM, Perpendicular, 
and ISO Formats Supported by the FORMAT TRACK Com- 
mand" on page 118. 


The PERPENDICULAR MODE command puts the Floppy 
Disk Controller (FDC) into perpendicular recording mode, 
which allows it to read and write perpendicular media. Once 
this command is invoked, the read, write and format com- 
mands can be executed in the normal manner. The perpen- 
dicular mode of the FDC functions at all data rates, 
adjusting format and write data parameters accordingly. 
See Section 5.7.9 "The PERPENDICULAR MODE Com- 
mand" on page 121 for more details. 


5.2.4 


The FDC sets the data rate in two ways. For PC compatible 
software, the Configuration Control Register (CCR) at offset 
07h programs the data rate for the FDC. The lower bits D1 
and DO in the CCR set the data rate. The other bits should 
be set to zero. TABLE 5-6 "Data Transfer Rate Encoding" 
on page 101 shows how to encode the desired data rate. 


Data Rate Selection 
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The lower two bits of the Data rate Select Register (DSR) at 
offset 04h can also set the data rate. These bits are encod- 
ed like the corresponding bits in the CCR. The remainder of 
the bits in the DSR have other functions. See the descrip- 
tion of the DSR in Section 5.3.6 "Data Rate Select Register 
(DSR)" on page 101 for more details. 


The data rate is determined by the last value written to ei- 
ther the CCR or the DSR. Either the CCR or the DSR can 
override the data rate selection of the other register. When 
the data rate is selected, the micro-engine and data sepa- 
rator clocks are scaled appropriately. 


5.2.5 


Write precompensation enables the WDATA output signal 
to adjust for the effects of bit shift on the data as it is written 
to the disk surface. 


Write Precompensation 


Bit shift is caused by the magnetic interaction of data bits as 
they are written to the disk surface. It shifts these data bits 
away from their nominal position in the serial MFM data pat- 
tern. Bit shift makes it much harder for a data separator to 
read data and can cause soft read errors. 


Write precompensation predicts where bit shift could occur 
within a data pattern. It then shifts the individual data bits 
early, late, or not at all so that when they are written to the 
disk, the shifted data bits are back in their nominal position. 


The FDC supports software programmable write precom- 
pensation. Upon power up, the default write precompensa- 
tion values shown in TABLE 5-8 "Default Precompensation 
Delays" on page 102, are used. In addition, the default start- 
ing track number for write precompensation is track zero 


You can use the DSR to change the write precompensation 
using any of the values in TABLE 5-7 "Write Precompensa- 
tion Delays" on page 102. Also, the CONFIGURE command 
can change the starting track number for write precompen- 
sation. 


5.2.6 


The FDC of the PC87317 supports two low-power modes, 
manual and automatic. 


FDC Low-Power Mode Logic 


In low-power mode, the micro-code is driven from the clock. 
Therefore, it is disabled while the clock is off. Upon entering 
the power-down state, bit 7, the RQM (Request For Master) 
bit, in the Main Status Register (MSR) of the FDC is cleared 
to 0. 


For details about entering and exiting low-power mode by 
setting bit 6 of the Data rate Select Register (DSR) or by ex- 
ecuting the LOW PWR option of the FDC MODE command, 
see “Recovery from Low-Power Mode’ later in this section, 
Section 5.3.6 "Data Rate Select Register (DSR)" on page 
101 and Section 5.7.7 "The MODE Command" on page 
119. 


The DSR, Digital Output Register (DOR), and the Configu- 
ration Control Register (CCR) are unaffected and remain 
active in power-down mode. Therefore, you should make 
sure that the motor and drive select signals are turned off. 


If the power to an external clock driving the PC87317 will be 
independently removed while the FDC is in power-down 
mode, it must not be done until 2 msec after the LOW PWR 
option of the FDC MODE command is issued. 


Manual Low-Power Mode 


Manual low power is enabled by writing a 1 to bit 6 of the 
DSR. The chip will power down immediately. This bit will be 
cleared to 0 after power up. 
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Manual low power can also be triggered by the MODE com- 
mand. Manual low power mode functions as a logical OR 
function between the DSR low power bit and the LOW PWR 
option of the MODE command. 


Automatic Low-Power Mode 


Automatic low-power mode switches the controller to low 
power 500 msec (at the 500 Kbps MFM data rate) after it 
has entered the Idle state. Once automatic low-power mode 
is set, it does not have to be set again, and the controller au- 
tomatically goes into low-power mode after entering the Idle 
state. 


Automatic low-power mode can only be set with the LOW 
PWR option of the MODE command. 


Recovery from Low-Power Mode 


There are two ways the FDC section can recover from the 
power-down state. 


Power up is triggered by a software reset via the DOR or 
DSR. Since a software reset requires initialization of the 
controller, this method might be undesirable. 


Power up is also triggered by a read or write to either the 
Data Register (FIFO) or Main Status Register (MSR). This 
is the preferred way to power up since all internal register 
values are retained. It may take a few milliseconds for the 
clock to stabilize, and the microprocessor will be prevented 
from issuing commands during this time through the normal 
MSR protocol. That means that bit 7, the Request for Mas- 
ter (RQM) bit, in the MSR will be a 0 until the clock has sta- 
bilized. When the controller has completely stabilized after 
power up, the RQM bit in the MSR is set to 1 and the con- 
troller can continue where it left off. 


5.2.7 
The FDC can be reset by hardware or software. 


Reset 


A hardware reset consists of pulsing the Master Reset (MR) 
input signal. A hardware reset sets all of the user address- 
able registers and internal registers to their default values. 
The SPECIFY command values are unaffected by reset, so 
they must be initialized again. 


The major default conditions affected by reset are: 
® FIFO disabled 
® DMA disabled 


© Implied seeks disabled 


® Drive polling enabled 


A software reset can be triggered by bit 2 of the Digital Out- 
put Register (DOR) or bit 7 of the Data rate Select Register 
(DSR). Bit 7 of DSR clears itself, while bit 2 of DOR does 
not clear itself. 


If the LOCK bit in the LOCK command was set to 1 before 
the software reset, the FIFO, THRESH, and PRETRK pa- 
rameters in the CONFIGURE command will be retained. In 
addition, the FWR, FRD, and BST parameters in the MODE 
command will be retained if LOCK is set to 1. This function 
eliminates the need for total initialization of the controller af- 
ter a software reset. 


After a hardware (assuming the FDC is enabled in the FER) 
or software reset, the Main Status Register (MSR) is imme- 
diately available for read access by the microprocessor. It 
will return a OOh value until all the internal registers have 
been updated and the data separator is stabilized. 
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When the controller is ready to receive a command byte, the 
MSR returns a value of 80h (Request for Master (RQM, bit 
7) bit is set). The MSR is guaranteed to return the 80h value 
within 250 usec after a hardware or software reset. 


All other user addressable registers other than the Main 
Status Register (MSR) and Data Register (FIFO) can be ac- 
cessed at any time, even during software reset. 


5.3. THE FDC REGISTERS 


The FDC registers are mapped to the offset address shown 
in TABLE 5-1 "The FDC Registers and Their Addresses", 
with the base address range provided by the on-chip ad- 
dress decoder. For PC-AT or PS/2 applications, the offset 
address range of the diskette controller is 00h through 07h 
from the index of logical device 3. 


TABLE 5-1. The FDC Registers and Their Addresses 


Offset 


Symbol Description 


A2| A1| AO 


SRA_ {Status Register A 0) 0 


SRB _ {Status Register B 


DOR 
TDR 


Digital Output Register 


0 
0 
0 
0 


Tape Drive Register 


Main Status Register 1 


Data Rate Select Register 


Data Register (FIFO) 


(Bus in TRISTATE) 


Digital Input Register 
CCR Configuration 


Control Register 


The FDC supports two system operation modes: PC-AT 
drive mode and PS/2 drive mode (MicroChannel systems). 
Section 5.1.2 "System Operation Modes" on page 92 de- 
scribes each mode and “Bit 2 - PC-AT or PS/2 Drive Mode 
Select” on page 37 describes how each is enabled. 


Unless specifically indicated otherwise, all fields in all regis- 
ters are valid in both drive modes. 


The FDC supports plug and play, as follows: 


© The FDC interrupt can be routed on one of the following 
ISA interrupts: IRQ3-IRQ7, IRQ9-IRQ12 and IRQ15 
(see PNP2 register). 


© The FDC DMA signals can be routed to one of three 8- 
bit ISA DMA channels (see PNP2 register); and its base 
address is software configurable (see FBAL and FBAH 
registers). 


Upon reset, the DMA of the FDC is routed to the DRQ2 
and DACk2 pins. 
5.3.1. Status Register A (SRA) 


Status Register A (SRA) monitors the state of assigned IRQ 
signal and some of the disk interface signals. SRA is a read- 
only register that is valid only in PS/2 drive mode. 
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SRA can be read at any time while PS/2 drive mode is ac- 
tive. In PC-AT drive mode, all bits are in TRI-STATE during 
a microprocessor read. 


PS/2 a Mode 
7 65 43 2 1 


PT ToT Jef] Jo Reset 
PE TT TY fReauirea 


_ Head Direction 
WP 
INDEX 
Head Select 
TRKO 
Step 
'— Reserved 
— IRQ Pending 


Status Register 
A (SRA) 
Offset 00h 


FIGURE 5-5. SRA Register Bitmap 


Bit 0 - Head Direction 


This bit indicates the direction of the head of the Floppy 
Disk Drive (FDD). Its value is the inverse of the value of 
the DIR interface output signal. 


0: DIR is not active, i.e., the head of the FDD steps 
outward. (Default) 


1: DIR is active, i.e., the head of the FDD steps in- 
ward. 


Bit 1 - Write Protect (WP) 


This bit indicates whether or not the selected Floppy 
Disk Drive (FDD) is write protected. Its value reflects the 
status of the WP disk interface input signal. 


0: WP is active, i.e., the FDD in the selected drive is 
write protected. 


1: WP is not active, i.e., the FDD in the selected drive 
is not write protected. 


Bit 2 - Beginning of Track (INDEX) 
This bit indicates the beginning of a track. Its value re- 
flects the status of the INDEX disk interface input signal. 
0: INDEX is active, i.e., itis the beginning of a track. 


1: INDEX is not active, i.e., it is not the beginning of a 
track. 


Bit 3 - Head Select 

This bit indicates which side of the Floppy Disk Drive 

(FDD) is selected by the head. Its value is the inverse of 

the HDSEL disk interface output signal. 

0: HDSEL is not active, i.e., the head of the FDD se- 
lects side 0. (Default) 

1: HDSEL is active, i.e., the head of the FDD selects 
side 1. 


Bit 4 - At Track 0 (TRKO) 


This bit indicates whether or not the head of the Floppy 
Disk Drive (FDD) is at track 0. Its value reflects the sta- 
tus of the TRKO disk interface input signal. 

0: TRKO is active, i.e., the head of FDD is at track 0. 


1: TRKO is not active, i.e., the head of FDD is not at 
track 0. 
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Bit 5 - Step 

This bit indicates whether or not the head of the Floppy 

Disk Drive (FDD) should move during a seek operation. 

Its value is the inverse of the STEP disk interface output 

signal. 

0: STEP is not active, 
moves. (Default) 

1: STEP is active (low), i.e., the head of the FDD does 
not move. 


i.e., the head of the FDD 


Bit 6 - Reserved 


Bit 7 - IRQ Pending 

This bit signals the completion of the execution phase of 

certain FDC commands. Its value reflects the status of 

the IRQ signal assigned to the FDC. 

0: The IRQ signal assigned to the FDC is not active. 

1: The IRQ signal assigned to the FDC is active, i.e., 
the FDD has completed execution of certain FDC 
commands. 


5.3.2 Status Register B (SRB) 


Status Register B (SRB) is a read-only diagnostic register 
that is valid only in PS/2 drive mode. 


SRB can be read at any time while PS/2 drive mode is ac- 
tive. In PC-AT drive mode, all bits are in TRI-STATE during 
a microprocessor read. 


PS/2 oe Mode 
7 6 5 4 3 2 1 SRB Register 


Offset 01h 


BGoOooun Reset 
UT ET TT JReauirea 


MTRO 
MTR1 
WGATE 
RDATA 
WDATA 
Drive Select 0 Status 
'— Reserved 
'— Reserved 


Bit 0 - Motor 0 Status (MTRO) 
This bit indicates the complement of the MTRO output 
pin. 
This bit is cleared to 0 by a hardware reset and unaffect- 
ed by a software reset. 
0: MTRO not active; motor 0 off 
1: MTRO active; motor 0 on (default) 


Bit 1 - Motor 1 Status (MTR1) 
This bit indicates the complement of the MTR1 output 
pin. 
This bit is cleared to 0 by a hardware reset and unaffect- 
ed by a software reset. 
0: MTRO not active; motor 1 off 
1: MTRO active.; motor 1 on (default) 
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Bit 2 - Write Circuitry Status (WGATE) 
This bit indicates the complement of the WGATE output 
pin. 
0: WGATE not active. The write circuitry of the select- 
ed FDD is enabled. 


1: WGATE active. The write circuitry of the selected 
FDD is disabled. (Default)) 


Bit 3 - Read Data Status (RDATA) 


If read data was sent, this bit indicates whether an odd 
or even number of bits was sent. 


Every inactive edge transition of the RDATA disk inter- 
face output signal causes this bit to change state. 


0: Either no read data was sent or an even number of 
bits of read data was sent. (Default) 


1: An odd number of bits of read data was sent. 


Bit 4 - Write Data Status (WDATA) 


lf write data was sent, this bit indicates whether an odd 
or even number of bits was sent. 


Every inactive edge transition of the WDATA disk inter- 
face output signal causes this bit to change state. 


0: Either no write data was sent or an even number of 
bits of write data was sent. (Default) 


1: An odd number of bits of write data was sent. 


Bit 5 - Drive Select 0 Status 


This bit reflects the status of drive select bit 0 in the Dig- 
ital Output Register (DOR). See Section 5.3.3 "Digital 
Output Register (DOR)". 

It is cleared after a hardware reset and unaffected by a 
software reset. 


0: Either drive 0 or 2 is selected. (Default) 
1: Either drive 1 or 3 is selected. 


Bits 7,6 - Reserved 
These bits are reserved and are always 1. 


5.3.3 Digital Output Register (DOR) 


DOR is a read/write register that can be written at any time. 
It controls the drive select and motor enable disk interface 
output signals, enables the DMA logic and contains a soft- 
ware reset bit. 


The contents of the DOR is set to 00h after a hardware re- 
set, and is unaffected by a software reset. 


TABLE 5-2 "Drive and Motor Pin Encoding for Four Drive 
Configurations and Drive Exchange Support" shows how 
the bits of DOR select a drive and enable a motor when the 
FDC is enabled (bit 3 of the Function Enable Register 1 
(FER1) at offset 00h of logical device 8 is 1) and bit 7 of the 
Superl/O FDC Configuration register at index FOh is 1. Bit 
patterns not shown produce states that should not be de- 
coded to enable any drive or motor. 


When the FDC is enabled and bit 7 of the of the Superl/O 
FDC Configuration register at index FOh is 1, MTR1 pre- 
sents a pulse that is the inverse of WR. This pulse is active 
whenever an I/O write to address 02h occurs. This pulse is 
delayed for between 25 and 80 nsec after the leading edge 
of WR. The leading edge of this pulse can be used to clock 
data into an external latch (e.g., 74LS175). 
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TABLE 5-2. Drive and Motor Pin Encoding for Four 
Drive Configurations and Drive Exchange Support 


Control 
Digital Output Signals 


Register Bits 


MTR| DR Decoded Functions 


1/0 


Activate Drive 0 
and Motor 0 


Activate Drive 1 
and Motor 1 


Activate Drive 2 
and Motor 2 


Activate Drive 3 
and Motor 3 


Activate Drive 0 and 
Deactivate Motor 0 


Activate Drive 1 and 
deactivate Motor 1 


Activate Drive 2 and 
Deactivate Motor 2 


Activate Drive 3 and 
Deactivate Motor 3 


Usually, the motor enable and drive select output signals for 
a particular drive are enabled together. TABLE 5-3 "Drive 
Enable Hexadecimal Values" shows the DOR hexadecimal 
values that enable each of the four drives. 


TABLE 5-3. Drive Enable Hexadecimal Values 


DOR Value (Hex) 


1c 
2D 
4E 


The motor enable and drive select signals for drives 2 and 
3 are only available when four drives are supported, i.e., bit 
7 of the Superl/O FDC Configuration register at index FOh 
is 1, or when drives 2 and 0 are exchanged. These signals 
require external logic. 
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7 6 5 4 3 2 1 


HOoouono Reset 
PL TT TY fReauirea 


SApiNe Select 


Reset Controller 
DMAEN 
Motor Enable 0 
Motor Enable 1 
'— Motor Enable 2 
'— Motor Enable 3 
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FIGURE 5-6. DOR Register Bitmap 


Bits 1,0 - Drive Select 


These bits select a drive, so that only one drive select 
output signal is active at a time. 


See “Bit 7 - Four Drive Encode” on page 40 and “Bits 3,2 
- Logical Drive Control (Enhanced TDR Mode Only)” on 
page 100 for more information. 


00: Drive 0 is selected. (Default) 
01: Drive 1 is selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Reset Controller 


This bit can cause a software reset. The controller re- 
mains in a reset state until this bit is set to 1. 


A software reset affects the CONFIGURE and MODE 
commands. See Sections 5.7.2 "The CONFIGURE 
Command" on page 114 and 5.7.7 "The MODE Com- 
mand" on page 119, respectively. A software reset does 
not affect the Data rate Select Register (DSR), Configu- 
ration Control Register (CCR) and other bits of this reg- 
ister (DOR). 

This bit must be low for at least 100 nsec. There is 
enough time during consecutive writes to the DOR to re- 
set software by toggling this bit. 


0: Reset controller. (Default) 
1: No reset. 


Bit 3 - DMA Enable (DMAEN) 


In PC-AT drive mode, this bit enables DMA operations 
by controlling DACK, TC and the appropriate DRQ and 
IRQ DMA signals. In PC-AT mode, this bit is set to 0 af- 
ter reset. 


In PS/2 drive mode, this bit is reserved, and DACK, TC 
and the appropriate DRQ and IRQ signals are enabled. 
During reset, these signals remain enabled. 


0: In PC-AT drive mode, DMA operations are dis- 
abled. DACK and TC are disabled, and the appro- 
priate DRQ and IRQ signals are put in TRI-STATE. 
(Default) 


: In PC-AT drive mode, DMA operations are enabled, 
i.e., DACK, TC and the appropriate DRQ and IRQ 
signals are all enabled. 
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Bit 4- Motor Enable 0 


If four drives are supported (bit 7 of the Superl/O FDC 
Configuration register at index FOh is 1), this bit may 
control the motor output signal for drive 0, depending on 
the remaining bits of this register. See TABLE 5-2 
"Drive and Motor Pin Encoding for Four Drive Configu- 
rations and Drive Exchange Support" on page 98. 


If two drives are supported (bit 7 of the Superl/O FDC 
Configuration register at index FOh is 0), this bit controls 
the motor output signal for drive 0. 

0: The motor signal for drive 0 is not active. 


1: The motor signal for drive 0 is active. 


Bit 5 - Motor Enable 1 
If four drives are supported (bit 7 of the Superl/O FDC 
Configuration register at index FOh is 1), this bit may 
control the motor output signal for drive 0, depending on 
the remaining bits of this register. See TABLE 5-2. 
If two drives are supported (bit 7 of the Superl/O FDC 
Configuration register at index FOh is 0), this bit controls 
the motor output signal for drive 1. 
0: The motor signal for drive 1 is not active. 


1: The motor signal for drive 1 is active. 


Bit 6 - Motor Enable 2 
If drives 2 and 0 are exchanged (see "Bits 3,2 - Logical 
Drive Control (Enhanced TDR Mode Only)" on page 
100), or if four drives are supported (bit 7 of the Su- 
perl/O FDC Configuration register at index FOh is 1), this 
bit controls the motor output signal for drive 2. See TA- 
BLE 5-2. 


0: The motor signal for drive 2 is not active. 
1: The motor signal for drive 2 is active. 


Bit 7 - Motor Enable 3 


If four drives are supported (bit 7 of the Superl/O FDC 
Configuration register at index FOh is 1), this bit may 
control the motor output signal for drive 3, depending on 
the remaining bits of this register. See TABLE 5-2. 


0: The motor signal for drive 3 is not active. 
1: The motor signal for drive 3 is active. 


5.3.4 


The TDR register is a read/write register that acts as the 
Floppy Disk Controller’s (FDC) media and drive type regis- 
ter. 


The TDR functions differently, depending on the mode set 
by bit 6 the Superl/O FDC Configuration register at index 
FOh. See “Bit 6 - TDR Register Mode” on page 40. 


Tape Drive Register (TDR) 
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AT Compatible TDR Mode 


In this mode, the TDR assigns a drive number to the tape 
drive support mode of the data separator. All other logical 
drives can be assigned as floppy drive support. Bits 7-2 are 
in TRI-STATE during read operations. 


Enhanced TDR Mode 


In this mode, all the bits of the TDR define operations with 
Enhanced floppy disk drives. 


AT oe TDR Mode 
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CTL ETL ore 
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earate Drive Select 1,0 


Tape Drive 
Register (TDR) 
Offset 03h 


Not Used 
TRI-STATE During Read Operations 


FIGURE 5-7. TDR Register Bitmap, AT Compatible 
TDR Mode 


ee TDR Mode 
7 65 43 2 1 


CELL Lepore 
PT ET TY JRequirea 


Tape Drive 
Register (TDR) 
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Tape Drive Select 1,0 


Be euieal Drive Exchange 
Drive IDO Information 
Drive ID1 Information 
'— High Density 
— Extra Density 


FIGURE 5-8. TDR Register Bitmap, Enhanced TDR 
Mode 


TABLE 5-4. TDR Bit Utilization and Reset Values in Different Drive Modes 


Bits of TDR 


Bit 6 of Superl/O 
FDC Configuration 
Register 


Extra 
Density 


TDR Mode High 


Density 


Logical Drive 


Exchange Drive Select 


Drive ID1| Drive IDO 


7 6 


5 4 3 2 


At Compatible 


Enhanced 


Not used. Floated in TRI-STATE during read operations. 
Not Reset| Not Reset 


1 1 0 0 
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Bits 1,0 - Tape Drive Select 1,0 


These bits assign a logical drive number to a tape drive. 
Drive 0 is not available as a tape drive and is reserved 
as the floppy disk boot drive. 


00: No drive selected. 
01: Drive 1 selected. 
10: Drive 2 selected. 
11: Drive 3 selected. 


Bits 3,2 - Logical Drive Control (Enhanced TDR Mode 
Only) 
These read/write bits control logical drive exchange be- 
tween drives 0 and 2, only. 
They enable software to exchange the physical floppy 
disk drive and motor control signals assigned to pins. 
Drive 3 is never exchanged for drive 2. 
When four drives are configured, i.e., bit 7 of Superl/O 
FDC Configuration register at index FOh is 1, logical 
drives are not exchanged. 
00: No logical drive exchange. 
01: Disk drive and motor control signal assignment to 
pins exchanged between logical drives 0 and 1. 
10: Disk drive and motor control signal assignment to 
pins exchanged between logical drives 0 and 2. 
11: Reserved. Unpredictable results when configured. 


Bits 5,4 - Drive ID1,0 Information 


If the value of bits 1,0 of the Digital Output Register 
(DOR) are 00, these bits reflect the ID of drive 0, i.e., the 
value of bits 1,0, respectively, of the Drive ID register at 
index Fih. See “Bits 1,0 - Drive 0 ID” on page 41. 

If the value of bits 1,0 of the Digital Output Register 
(DOR) are 01, these bits reflect the ID of drive 1, i.e., the 
value of bits 3,2, respectively, of the Drive ID register at 
index Fih. See “Bits 3,2 - Drive 1 ID” on page 41. 


Bit 6 - High Density (Enhanced TDR Mode Only) 


Together with bit 7, this bit indicates the type of media 
currently in the active floppy disk drive. The value of this 
bit reflects the state of the MSENO signal. 


TABLE 5-5 "Media Type (Density) Encoding" shows 
how these bits encode media type. 


TABLE 5-5. Media Type (Density) Encoding 


Bit 7 (MSEN1) | Bit 6 (MSENO)| Media Type 


0 5.25" 
2.88 M 
1.44M 
720 K 


Bit 7 - Extra Density (Enhanced TDR Mode Only) 


Together with bit 6, this bit indicates the type of media 
currently in the active floppy disk drive. The value of this 
bit reflects the state of the MSEN1 signal. 


TABLE 5-5 shows how these bits encode media type. 


www.national.com 


100 


Disk Controller (FDC) (Logical Device 3 


5.3.5 Main Status Register (MSR) 


This read-only register indicates the current status of the 
Floppy Disk Controller (FDC), indicates when the disk con- 
troller is ready to send or receive data through the Data 
Register (FIFO) and controls the flow of data to and from the 
Data Register (FIFO). 


The MSR can be read at any time. It should be read before 
each byte is transferred to or from the Data Register (FIFO) 
except during a DMA transfer. No delay is required when 
reading this register after a data transfer. 


The microprocessor can read the MSR immediately after a 
hardware or software reset, or recovery from a power down. 
The MSR contains a value of 00h, until the FDC clock has 
stabilized and the internal registers have been initialized. 


When the FDC is ready to receive a new command, it re- 
ports a value of 80h for the MSR to the microprocessor. 
System software can poll the MSR until the MSR is ready. 
The MSR must report an 80h value (RQM set to 1) within 
2.5 msec after reset or power up. 


Read Operations 
7 65 43 2 1 ~0 


}0 | 0| of 0/0] 0/0] o|Reset 
PET ET TT JReauirea 


Drive 0 Busy 
Drive 1 Busy 
Drive 2 Busy 
Drive 3 Busy 
Command in Progress 
Non-DMA Execution 
— Data I/O Direction 
— RQM 


Main Status 
Register (MSR) 
Offset 04h 


FIGURE 5-9. MSR Register Bitmap 


Bit 0 - Drive 0 Busy 
This bit indicates whether or not drive 0 is busy. 


It is set to 1 after the last byte of the command phase of 
a SEEK or RECALIBRATE command is issued for drive 
0. 


This bit is cleared to 0 after the first byte in the result 
phase of the SENSE INTERRUPT command is read for 
drive 0. 


0: Not busy. 
1: Busy. 


Bit 1 - Drive 1 Busy 
This bit indicates whether or not drive 1 is busy. 


It is set to 1 after the last byte of the command phase of 
a SEEK or RECALIBRATE command is issued for drive 
1. 


This bit is cleared to 0 after the first byte in the result 
phase of the SENSE INTERRUPT command is read for 
drive 1. 


0: Not busy. 
1: Busy. 
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Bit 2 - Drive 2 Busy 
This bit indicates whether or not drive 2 is busy. 


It is set to 1 after the last byte of the command phase of 
a SEEK or RECALIBRATE command is issued for drive 
2. 


This bit is cleared to 0 after the first byte in the result 
phase of the SENSE INTERRUPT command is read for 
drive 2. 


0: Not busy. 
1: Busy. 


Bit 3 - Drive 3 Busy 
This bit indicates whether or not drive 3 is busy. 


It is set to 1 after the last byte of the command phase of 
a SEEK or RECALIBRATE command is issued for drive 
3. 


This bit is cleared to 0 after the first byte in the result 
phase of the SENSE INTERRUPT command is read for 
drive 3. 


0: Not busy. 
1: Busy. 


Bit 4: Command in Progress 


This bit indicates whether or not a command is in 
progress. It is set after the first byte of the command 
phase is written. This bit is cleared after the last byte of 
the result phase is read. 


If there is no result phase in a command, the bit is 
cleared after the last byte of the command phase is writ- 
ten. 


0: No command is in progress. 
1: Acommand is in progress. 


Bit 5: Non-DMA Execution 


This bit indicates whether or not the controller is in the 
execution phase of a byte transfer operation in non- 
DMA mode. 


This bit is used for multiple byte transfers by the micro- 
processor in the execution phase through interrupts or 
software polling. 


0: The FDC is not in the execution phase. 
1: The FDC is in the execution phase. 


Bit 6 - Data I/O (Direction) 


Indicates whether the controller is expecting a byte to be 
written or read, to or from the Data Register (FIFO). 


0: Data will be written to the FIFO. 
1: Data will be read from the FIFO. 


Bit 7 - Request for Master (RQM) 

This bit indicates whether or not the controller is ready 
to send or receive data from the microprocessor through 
the Data Register (FIFO). It is cleared to 0 immediately 
after a byte transfer and is set to 1 again as soon as the 
disk controller is ready for the next byte. 

During a Non-DMA execution phase, this bit indicates 
the status of the interrupt. 


0: Not ready. (Default) 
1: Ready to transfer data. 
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5.3.6 Data Rate Select Register (DSR) 


This write-only register is used to program the data transfer 
rate, amount of write precompensation, power down mode, 
and software reset. 

The data transfer rate is programmed via the CCR, not the 
DSR, for PC-AT, PS/2 and MicroChannel applications. Oth- 
er applications can set the data transfer rate in the DSR. 
The data rate of the floppy controller is determined by the 
most recent write to either the DSR or CCR. 


The DSR is unaffected by a software reset. A hardware re- 
set sets the DSR to 02h, which corresponds to the default 
precompensation setting and a data transfer rate of 250 
Kbps. 


Write Operations 
7 65 43 2 1 ~0 


}o | o/ of 0} 0] 0} 1] o}Reset 
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AG 


Data Transfer Rate Select 


ee Delay Select 


Undefined 
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Data Rate Select 
Register (DSR) 
Offset 04h 


FIGURE 5-10. DSR Register Bitmap 


Bits 1,0 - Data Transfer Rate Select 

These bits determine the data transfer rate for the Flop- 
py Disk Controller (FDC), depending on the supported 
speeds. TABLE 5-6 "Data Transfer Rate Encoding" 
shows the data transfer rate selected by each value of 
this field. 

These bits are unaffected by a software reset, and are 
set to 10 (250 Kbps) after a hardware reset. 


TABLE 5-6. Data Transfer Rate Encoding 


DSR Bits 


Data Transfer Rate 
1 0 


0 500 Kbps 
1 300 Kbps 
1 0 250 Kbps 
1 1 1 Mbps 


0 
0 


Bits 4-2 - Precompensation Delay Select 


This field sets the write precompensation delay that the 
Floppy Disk Controller (FDC) imposes on the WDATA 
disk interface output signal, depending on the supported 
speeds. TABLE 5-7 "Write Precompensation Delays" 
on page 102 shows the delay for each value of this field. 


In most cases, the default delays shown in TABLE 5-8 
"Default Precompensation Delays" on page 102 are ad- 
equate. However, alternate values may be used for spe- 
cific drive and media types. 


www.national.com 


SYALSIDAY 904 AHL 


SYALSISAY 904 AHL 


The Digital Flopp 


Track 0 is the default starting track number for precom- 
pensation. The starting track number can be changed 
using the CONFIGURE command. 


TABLE 5-7. Write Precompensation Delays 


DSR Bits 


Duration of Delay 


Default (TABLE 5-8) 
41.7 nsec 
83.3 nsec 
125.0 nsec 
166.7 nsec 
208.3 nsec 
250.0 nsec 


0.0 nsec 


TABLE 5-8. Default Precompensation Delays 


Data Rate Precompensation Delay 


1 Mbps 
500 Kbps 
300 Kbps 
250 Kbps 


41.7 nsec 
125.0 nsec 
125.0 nsec 
125.0 nsec 


Bit 5 - Undefined 
Should be set to 0. 


Bit 6 - Low Power 


This bit triggers a manual power down of the FDC in 
which the clock and data separator circuits are turned 
off. A manual power down can also be triggered by the 
MODE command. 


After a manual power down, the FDC returns to normal 
power after a software reset, or an access to the Data 
Register (FIFO) or the Main Status Register (MSR). 


0: Normal power. 
1: Trigger power down. 


Bit 7 - Software Reset 


This bit controls the same kind of software reset of the 
FDC as bit 2 of the Digital Output Register (DOR). The 
difference is that this bit is automatically cleared to 0 (no 
reset) 100 nsec after it was set to 1. 


See also “Bit 2 - Reset Controller’ on page 98. 
0: No reset. (Default) 
1: Reset. 
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5.3.7 Data Register (FIFO) 


The Data Register of the FDC is a read/write register that is 
used to transfer all commands, data and status information 
between the microprocessor and the FDC. 


During the command phase, the microprocessor writes 
command bytes into the Data Register after polling the 
RQM (bit 7) and DIO (bit 6) bits in the MSR. During the re- 
sult phase, the microprocessor reads result bytes from the 
Data Register after polling the RQM and DIO bits in the 
MSR. 


Use of the FIFO buffer lengthens the interrupt latency peri- 
od and, thereby, reduces the chance of a disk overrun or 
underrun error occurring. Typically, the FIFO buffer is used 
ata 1 Mbps data transfer rate or with multi-tasking operating 
systems. 


Enabling and Disabling the FIFO Buffer 


The 16-byte FIFO buffer can be used for DMA, interrupt, or 
software polling type transfers during the execution of a 
read, write, format or scan command. 


The FIFO buffer is enabled and its threshold is set by the 
CONFIGURE command. 


When the FIFO buffer is enabled, only execution phase byte 
transfers use it. If the FIFO buffer is enabled, it is not dis- 
abled after a software reset if the LOCK bit is set in the 
LOCK command. 


The FIFO buffer is always disabled during the command 
and result phases of a controller operation. A hardware re- 
set disables the FIFO buffer and sets its threshold to zero. 
The MODE command can also disable the FIFO for read or 
write operations separately. 


After a hardware reset, the FIFO buffer is disabled to main- 
tain compatibility with PC-AT systems. 


Burst Mode Enabled and Disabled 


The FIFO buffer can be used with burst mode enabled or 
disabled by the MODE command. 


In burst mode, the DRQ or IRQ signal assigned to the FDC 
remains active until all of the bytes have been transferred to 
or from the FIFO buffer. 


When burst mode is disabled, the appropriate DRQ or IRQ 
signal is deactivated for 350 nsec to allow higher priority 
transfer requests to be processed. 


FIFO Buffer Response Time 


During the execution phase of a command involving data 
transfer to or from the FIFO buffer, the maximum time the 
system has to respond to a data transfer service request is 
calculated by the following formula: 


Max_Time = (THRESH + 1) x 8 X tprp — (16 X ticp) 


This formula applies for all data transfer rates, whether the 
FIFO buffer is enabled or disabled. THRESH is a 4-bit value 
programmed by the CONFIGURE command, which sets 
the threshold of the FIFO buffer. If the FIFO buffer is dis- 
abled, THRESH is zero in the above formula. The last term 
in the formula, (16 x ticp) is an inherent delay due to the mi- 
crocode overhead required by the FDC. This delay is also 
data rate dependent. TABLE 14-43 "Nominal tlCP, tDRP 
Values" on page 245 specifies minimum and maximum val- 
ues for tprp and ticp. 


The programmable FIFO threshold (THRESH) is useful in 
adjusting the FDC to the speed of the system. A slow sys- 
tem with a sluggish DMA transfer capability requires a high 
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value for THRESH. this gives the system more time to re- 
spond to a data transfer service request (DRQ for DMA 
mode or IRQ for interrupt mode). Conversely, a fast system 
with quick response to a data transfer service request can 
use a low value for THRESH. 


P6153 A 32 10 Data Register 
(FIFO) 
Repel Offset 05h 


Required 


FIGURE 5-11. FDC Data Register Bitmap 


5.3.8 


This read-only diagnostic register is used to detect the state 
of the DSKCHG disk interface input signal and some diag- 
nostic signals. DIR is unaffected by a software reset. 


Digital Input Register (DIR) 


The bits of the DIR register function differently depending 
on whether the FDC is operating in PC-AT drive mode or in 
PS/2 drive mode. See Section 5.1.2 "System Operation 
Modes" on page 92. 

In PC-AT drive mode, bits 6 through 0 are in TRI-STATE to 
prevent conflict with the status register of the hard disk at 
the same address as the DIR. 


Read Operations, PC-AT Drive Mode 
7 65 43 2 1 0 


P fat iti] | [1 JReser 
PET ET JReauired 


Digital Input 
Register (DIR) 
Offset 07h 


Reserved, In TRI-STATE 


— DSKCHG 


FIGURE 5-12. DIR Register Bitmap, Read Operations, 
PC-AT Drive Mode 
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Read Operations, PS/2 Drive Mode 
7 65 43 2 1 =0 
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FIGURE 5-13. DIR Register Bitmap, Read Operations, 
PS/2 Drive Mode 


Bit 0 - High Density (PS/2 Drive Mode Only) 


In PC-AT drive mode, this bit is reserved, in TRI-STATE 
and used by the status register of the hard disk. 


In PS/2 drive mode, this bit indicates whether the data 
transfer rate is high or low. 


0: The data transfer rate is high, i.e., 1 Mbps or 500 Kbps. 
1: The data transfer rate is low, i.e., 300 Kbps or 250 Kbps. 


Bits 2,1 - Data Rata Select 1,0 (DRATE1,0) 
(PS/2 Drive Mode Only) 


In PC-AT drive mode, these bits are reserved, in TRI- 
STATE and used by the status register of the hard disk. 


In PS/2 drive mode, these bits indicate the status of the 
DRATE1,0 bits programmed in DSR or CCR, whichever 
is written last. 


The significance of each value for these bits depends on 
the supported speeds. See TABLE 5-6 "Data Transfer 
Rate Encoding" on page 101. 


00: Data transfer rate is 500 Kbps. 
01: Data transfer rate is 300 Kbps. 
10: Data transfer rate is 250 Kbps. 
11: Data transfer rate is 1 Mbps. 


Bits 6-3: Reserved 


These bits are reserved and are always 1. In PC-AT 
mode these bits are also in TRI-STATE. They are used 
by the status register of the fixed hard disk. 


Bit 7 - Disk Changed (DSKCHG) 
This bit reflects the status of the DSKCHG disk interface 
input signal. 
During power down this bit is invalid, if it is read by the 
software. 


0: DSKCHG is not active. 
1: DSKCHG is active. 
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5.3.9 


This write-only register can be used to set the data transfer 
rate (in place of the DSR) for PC-AT, PS/2 and MicroChan- 
nel applications. Other applications can set the data trans- 
fer rate in the DSR. See Section 5.3.6 "Data Rate Select 
Register (DSR)" on page 101. 


This register is not affected by a software reset. 


The data rate of the floppy controller is determined by the 
last write to either the CCR register or to the DSR register. 


Configuration Control Register (CCR) 


Write oe 
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FIGURE 5-14. CCR Register Bitmap 


Bits 1,0 - Data Transfer Rate Select 1,0 (DRATE 1,0) 


These bits determine the data transfer rate for the Flop- 
py Disk Controller (FDC), depending on the supported 
speeds. 

TABLE 5-6 "Data Transfer Rate Encoding" on page 101 
shows the data transfer rate selected by each value of 
this field. 

These bits are unaffected by a software reset, and are 
set to 10 (250 Kbps) after a hardware reset. 


Bits 7-2 - Reserved 
These bits are reserved and should be set to 0. 


5.4 THE PHASES OF FDC COMMANDS 


FDC commands may be in the command phase, the execu- 
tion phase or the result phase. The active phase determines 
how data is transferred between the Floppy Disk Controller 
(FDC) and the host microprocessor. When no command is 
in progress, the FDC may be either idle or polling a drive. 


5.4.1. Command Phase 


During the command phase, the microprocessor writes a 
series of bytes to the Data Register (FIFO). The first com- 
mand byte contains the opcode for the command, which the 
controller can interpret to determine how many more com- 
mand bytes to expect. The remaining command bytes con- 
tain the parameters required for the command. 


The number of command bytes varies for each command. 
All command bytes must be written in the order specified in 
the Command Description Table in Section 5.7 "THE FDC 
COMMAND SET" on page 112. The execution phase starts 
immediately after the last byte in the command phase is 
written. 
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Prior to performing the command phase, the Digital Output 
Register (DOR) should be set and the data rate should be 
set with the Data rate Select Register (DSR) or the Config- 
uration Control Register (CCR). 


The Main Status Register (MSR) controls the flow of com- 
mand bytes, and must be polled by the software before writ- 
ing each command phase byte to the Data Register (FIFO). 
Prior to writing a command byte, bit 7 of MSR (RQM, Re- 
quest for Master) must be set and bit 6 of MSR (DIO, Data 
I/O direction) must be cleared. 


After the first command byte is written to the Data Register 
(FIFO), bit 4 of MSR (CMD PROG, Command in Progress) 
is also set and remains set until the last result phase byte is 
read. If there is no result phase, the CMD PROG bit is 
cleared after the last command byte is written. 


Anew command may be initiated after reading all the result 
bytes from the previous command. If the next command re- 
quires selection of a different drive or a change in the data 
rate, the DOR and DSR or CCR should be updated, accord- 
ingly. If the command is the last command, the software 
should deselect the drive. 


Normally, command processing by the controller core and 
updating of the DOR, DSR, and CCR registers by the micro- 
processor are operations that can occur independently of 
one another. Software must ensure that the these registers 
are not updated while the controller is processing a com- 
mand. 


5.4.2 


During the execution phase, the Floppy Disk Controller 
(FDC) performs the desired command. 


Execution Phase 


Commands that involve data transfers (e.g., read, write and 
format operations) require the microprocessor to write or 
read data to or from the Data Register (FIFO) at this time. 
Some commands, such as SEEK or RECALIBRATE, con- 
trol the read/write head movement on the disk drive during 
the execution phase via the disk interface signals. Execu- 
tion of other commands does not involve any action by the 
microprocessor or disk drive, and consists of an internal op- 
eration by the controller. 


Data can be transferred between the microprocessor and 
the controller during execution in DMA mode, interrupt 
transfer mode or software polling mode. The last two modes 
are non-DMA modes. All data transfer modes work with the 
FIFO enabled or disabled. 


DMA mode is used if the system has a DMA controller. This 
allows the microprocessor to do other tasks while data 
transfer takes place during the execution phase. 


If anon-DMA mode is used, an interrupt is issued for each 
byte transferred during the execution phase. Also, instead 
of using the interrupt during a non-DMA mode transfer, the 
Main Status Register (MSR) can be polled by software to in- 
dicate when a byte transfer is required. 


DMA Mode - FIFO Disabled 


DMA mode is selected by writing a 0 to the DMA bit in the 
SPECIFY command and by setting bit 3 of the DOR (DMA 
enabled) to 1. 


In the execution phase when the FIFO is disabled, each 
time a byte is ready to be transferred, a DMA request (DRQ) 
is generated in the execution phase. The DMA controller 
should respond to the DRQ with a DMA acknowledge 
(DACK) and a read or write pulse. The DRQ is cleared by 
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the leading edge of the active low DACK input signal. After 
the last byte is transferred, an interrupt is generated, indi- 
cating the beginning of the result phase. 


During DMA operations, FDC address signals are ignored 
since AEN input signal is 1. The DACK signal acts as the 
chip select signal for the FIFO, in this case, and the state of 
the address lines A2-0 is ignored. The Terminal Count (TC) 
signal can be asserted by the DMA controller to terminate 
the data transfer at any time. Due to internal gating, TC is 
only recognized when DACK is low. 


PC-AT Drive Mode 


In PC-AT drive mode when the FIFO is disabled, the con- 
troller is in single byte transfer mode. That is, the system 
has the time it takes to transfer one byte, to service a DMA 
request (DRQ) from the controller. DRQ is deactivated be- 
tween bytes. 


PS/2 Drive Mode 


In PS/2 drive mode, for DMA transfers with the FIFO dis- 
abled, instead of single byte transfer mode, the FIFO is en- 
abled with THRESH = OFh. Thus, DRQ is asserted when 
one byte enters the FIFO during a read, and when one byte 
can be written to the FIFO during a write. DRQ is deactivat- 
ed by the leading edge of the DACK input signal, and is as- 
serted again when DACK becomes inactive high. This 
operation is very similar to burst mode transfer with the 
FIFO enabled except that DRQ is deactivated between 
bytes. 


DMA Mode - FIFO Enabled 


Read Data Transfers 


Whenever the number of bytes in the FIFO is greater than 
or equal to (16 - THRESH), a DRQ is generated. This is the 
trigger condition for the FIFO read data transfers from the 
floppy controller to the microprocessor. 


When the last byte in the FIFO has been read, DRQ be- 
comes inactive. DRQ is asserted again when the FIFO trig- 
ger condition is satisfied. After the last byte of a sector is 
read from the disk, DRQ is again generated even if the FIFO 
has not yet reached its threshold trigger condition. This 
guarantees that all current sector bytes are read from the 
FIFO before the next sector byte transfer begins. 


Burst Mode Enabled - DRQ remains active until enough 
bytes have been read from the controller to empty the 
FIFO. 


Burst Mode Disabled - DRQ is deactivated after each 
read transfer. If the FIFO is not completely empty, DRQ 
is asserted again after a 350 nsec delay. This allows 
other higher priority DMA transfers to take place be- 
tween floppy disk transfers. 


In addition, this mode allows the controller to work cor- 
rectly in systems where the DMA controller is put into a 
read verify mode, where only DACK signals are sent to 
the FDC, with no RD pulses. This read verify mode of 
the DMA controller is used in some PC software. When 
burst mode is disabled, a pulse from the DACK input 
signal may be issued by the DMA controller, to correctly 
clocks data from the FIFO. 
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Write Data Transfers 


Whenever the number of bytes in the FIFO is less than or 
equal to THRESH, a DRQ is generated. This is the trigger 
condition for the FIFO write data transfers from the micro- 
processor to the FDC. 


Burst Mode Enabled - DRQ remains active until enough 
bytes have been written to the controller to completely 
fill the FIFO. 


Burst Mode Disabled - DRQ is deactivated after each 
write transfer. If the FIFO is not full, DRQ is asserted 
again after a 350 nsec delay. Deactivation of DRQ al- 
lows other higher priority DMA transfers to take place 
between floppy disk transfers. 


The FIFO has a byte counter which monitors the number of 
bytes being transferred to the FIFO during write operations 
whether burst mode is enabled or disabled. When the last 
byte of a sector is transferred to the FIFO, DRQ is deacti- 
vated even if the FIFO has not been completely filled. Thus, 
the FIFO is cleared after each sector is written. Only after 
the FDC has determined that another sector is to be written, 
is DRQ asserted again. Also, since DRQ is deactivated im- 
mediately after the last byte of a sector is written to the 
FIFO, the system will not be delayed by deactivation of 
DRQ and is free to do other operations. 


Read and Write Data Transfers 


The DACK input signal from the DMA controller may be held 
active during an entire burst, or a pulse may be issued for 
each byte transferred during a read or write operation. In 
burst mode, the FDC deactivates DRQ as soon as it recog- 
nizes that the last byte of a burst was transferred. 


If a DACK pulse is issued for each byte, the leading edge of 
this pulse is used to deactivate DRQ. If a DACK pulse is is- 
sued, RD or WR is not required. This is the case during the 
read-verify mode of the DMA controller. 


lf DACK is held active during the entire burst, the trailing 
edge of the RD or WR pulse is used to deactivate DRQ. 
DRQ is deactivated within 50 nsec of the leading edge of 
DACK, RD, or WR. This quick response should prevent the 
DMA controller from transferring extra bytes in most appli- 
cations. 


Overrun Errors 


An overrun or underrun error terminates the execution of a 
commana, if the system does not transfer data within the al- 
lotted data transfer time. (See Section 5.3.7 "Data Register 
(FIFO)" on page 102.) This puts the controller in the result 
phase. 


During a read overrun, the microprocessor is required to 
read the remaining bytes of the sector before the controller 
asserts the appropriate IRQ signifying the end of execution. 


During a write operation, an underrun error terminates the 
execution phase after the controller has written the remain- 
ing bytes of the sector with the last correctly written byte to 
the FIFO. Whether there is an error or not, an interrupt is 
generated at the end of the execution phase, and is cleared 
by reading the first result phase byte. 


DACK asserted alone, without a RD or WR pulse, is also 
counted as a transfer. If pulses of RD or WR are not being 
issued for each byte, a DACK pulse must be issued for each 
byte so that the Floppy Disk Controller(FDC) can count the 
number of bytes correctly. 
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The VERIFY command, allows easy verification of data 
written to the disk without actually transferring the data on 
the data bus. 


Interrupt Transfer Mode - FIFO Disabled 


If interrupt transfer (non-DMA) mode is selected, the appro- 
priate IRQ signal is asserted instead of DRQ, when each 
byte is ready to be transferred. 


The Main Status Register (MSR) should be read to verify 
that the interrupt is for a data transfer. The RQM and NON 
DMA bits (bits 7 and 5, respectively) in the MSR are set to 
1. The interrupt is cleared when the byte is transferred to or 
from the Data Register (FIFO). To transfer the data in or out 
of the Data register, you must use the address bits of the 
FDC together and RD or WR must be active, i.e., A2-0 must 
be valid. It is not enough to just assert the address bits of 
the FDC. RD or WR must also be active for a read or write 
transfer to be recognized. 


The microprocessor should transfer the byte within the data 
transfer service time (see Section 5.3.7 "Data Register 
(FIFO)" on page 102). If the byte is not transferred within the 
time allotted, an overrun error is indicated in the result 
phase when the command terminates at the end of the cur- 
rent sector. 


An interrupt is also generated after the last byte is trans- 
ferred. This indicates the beginning of the result phase. The 
RQM and DIO bits (bits 7 and 6, respectively) in the MSR 
are set to 1, and the NON DMA bit (bit 5) is cleared to 0. This 
interrupt is cleared by reading the first result byte. 


Interrupt Transfer Mode - FIFO Enabled 


Interrupt transfer (non-DMA) mode with the FIFO enabled is 
very similar to interrupt transfer mode with the FIFO dis- 
abled. In this case, the appropriate IRQ signal is asserted 
instead of DRQ, under the same FIFO threshold trigger con- 
ditions. 


The MSR should be read to verify that the interrupt is for a 
data transfer. The RQM and non-DMA bits (bits 7 and 5, re- 
spectively) in the MSR are set. To transfer the data in or out 
of the Data register, you_must use the address bits of the 
FDC together and RD or WR must be active, i.e., A2-0 must 
be valid. It is not enough to just assert the address bits of 
the FDC. RD or WR must also be active for a read or write 
transfer to be recognized. 


Burst mode may be used to hold the IRQ signal active dur- 
ing a burst, or burst mode may be disabled to toggle the IRQ 
signal for each byte of a burst. The Main Status Register 
(MSR) is always valid to the microprocessor. For example, 
during a read command, after the last byte of data has been 
read from the disk and placed in the FIFO, the MSR still in- 
dicates that the execution phase is active, and that data 
needs to be read from the Data Register (FIFO). Only after 
the last byte of data has been read by the microprocessor 
from the FIFO does the result phase begin. 


The overrun and underrun error procedures for non-DMA 
mode are the same as for DMA mode. Also, whether there 
is an error or not, an interrupt is generated at the end of the 
execution phase, and is cleared by reading the first result 
phase byte. 


Software Polling 


If non-DMA mode is selected and interrupts are not suitable, 
the microprocessor can poll the MSR during the execution 
phase to determine when a byte is ready to be transferred. 
The RQM bit (bit 7) in the MSR reflects the state of the IRQ 
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signal. Otherwise, the data transfer is similar to the interrupt 
mode described above, whether the FIFO is enabled or dis- 
abled. 


5.4.3 


During the result phase, the microprocessor reads a series 
of result bytes from the Data Register (FIFO). These bytes 
indicate the status of the command. They may indicate 
whether the command executed properly, or may contain 
some control information. 


See the specific commands in Section 5.7 "THE FDC COM- 
MAND SET" on page 112 or Section 5.3.7 "Data Register 
(FIFO)" on page 102 for details. 


These result bytes are read in the order specified for that 
particular command. Some commands do not have a result 
phase. Also, the number of result bytes varies with each 
command. All result bytes must be read from the Data Reg- 
ister (FIFO) before the next command can be issued. 


Result Phase 


As it does for command bytes, the Main Status Register 
(MSR) controls the flow of result bytes, and must be polled 
by the software before reading each result byte from the 
Data Register (FIFO). The ROM bit (bit 7) and DIO bit (bit 6) 
of the MSR must both be set before each result byte can be 
read. 


After the last result byte is read, the Command in Progress 
bit (bit 4) of the MSR is cleared, and the controller is ready 
for the next command. 


For more information, see Section 5.5 "THE RESULT 
PHASE STATUS REGISTERS" on page 107. 


5.4.4 Idle Phase 


After a hardware or software reset, after the chip has recov- 
ered from power-down mode or when there are no com- 
mands in progress the controller is in the idle phase. The 
controller waits for a command byte to be written to the Data 
Register (FIFO). The RQM bit is set, and the DIO bit is 
cleared in the MSR. 


After receiving the first command (opcode) byte, the con- 
troller enters the command phase. When the command is 
completed the controller again enters the idle phase. The 
Digital Data Separator (DDS) remains synchronized to the 
reference frequency while the controller is idle. While in the 
idle phase, the controller periodically enters the drive polling 
phase. 


5.4.5 


National Semiconductor’s FDC supports the polling mode 
of old 8-inch drives, as a means of monitoring any change 
in status for each disk drive present in the system. This sup- 
port provides backward compatibility with software that ex- 
pects it. 


In the idle phase, the controller enters a drive polling phase 
every 1 msec, based on a 500 Kbps data transfer rate. In 
the drive polling phase, the controller checks the status of 
each of the logical drives (bits 0 through 3 of the MSR). The 
internal ready line for each drive is toggled only after a hard- 
ware or software reset, and an interrupt is generated for 
drive 0. 


At this point, the software must issue four SENSE INTER- 
RUPT commands to clear the status bit for each drive, un- 
less drive polling is disabled via the POLL bit in the 
CONFIGURE command. See “Bit 4 - Disable Drive Polling 
(POLL)” on page 114. The CONFIGURE command must be 
issued within 500 usec (worst case) of the hardware or soft- 
ware reset to disable drive polling. 


Drive Polling Phase 
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Even if drive polling is disabled, drive stepping and delayed 
power-down occur in the drive polling phase. The controller 
checks the status of each drive and, if necessary, it issues 
a pulse on the STEP output signal with the DIR signal at the 
appropriate logic level. 


The controller also uses the drive polling phase to automat- 
ically trigger power down. When the specified time that the 
motor may be off expires, the controller waits 512 msec, 
based on data transfer rates of 500 Kops and 1 Mbps, be- 
fore powering down, if this function is enabled via the 
MODE command. 


If a new command is issued while the FDC is in the drive 
polling phase, the MSR does not indicate a ready status for 
the next parameter byte until the polling sequence com- 
pletes the loop. This can cause a delay between the first 
and second bytes of up to 500 usec at 250 Kbps. 


5.5 THE RESULT PHASE STATUS REGISTERS 


In the result phase of acommand, result bytes that hold sta- 
tus information are read from the Data Register (FIFO) at 
offset 05h. These bytes are the result phase status regis- 
ters. 


The result phase status registers may only be read from the 
Data Register (FIFO) during the result phase of certain 
commands, unlike the Main Status Register (MSR), which 
is a read only register that is always valid. 


5.5.1. Result Phase Status Register 0 (STO) 


Logical Drive Selected 
(Execution Phase) 


wa 


Head Selected (Execution Phase) 
Not Used 
Equipment Check 
SEEK End 


= Interrupt Code 
FIGURE 5-15. STO Result Phase Register Bitmap 


Bits 1,0 - Logical Drive Selected 


These two binary encoded bits indicate the logical drive 
selected at the end of the execution phase. 


The value of these bits is reflected in bits 1,0 of the SR3 
register, described in Section 5.5.4 "Result Phase Sta- 
tus Register 3 (ST3)" on page 109. 


00: Drive 0 selected. 
01: Drive 1 selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Head Selected 


This bit indicates which side of the Floppy Disk Drive 
(FDD) is selected. It reflects the status of the HDSEL 
signal at the end of the execution phase. 
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The value of this bit is reflected in bit 2 of the ST3 regis- 
ter, described in Section 5.5.4 "Result Phase Status 
Register 3 (ST3)" on page 109. 

0: Side 0 is selected. 

1: Side 1 is selected. 


Bit 3 - Not used. 
This bit is not used and is always 0. 


Bit 4 - Equipment Check 


After a RECALIBRATE command, this bit indicates 

whether the head of the selected drive was at track 0, 

i.e., whether or not TRKO was active. This information is 

used during the SENSE INTERRUPT command. 

0: Head was at track 0, i.e., a TRKO pulse occurred 
after a RECALIBRATE command. 

1: Head was not at track 0, i.e., no TRKO pulse oc- 
curred after a RECALIBRATE command. 


Bit 5 - SEEK End 

This bit indicates whether or not a SEEK, RELATIVE 

SEEK, or RECALIBRATE command was completed by 

the controller. Used during a SENSE INTERRUPT com- 

mand. 

0: SEEK, RELATIVE SEEK, or RECALIBRATE com- 
mand not completed by the controller. 

1: SEEK, RELATIVE SEEK, or RECALIBRATE com- 
mand was completed by the controller. 


Bits 7,6 - Interrupt Code (IC) 

These bits indicate the reason for an interrupt. 

00: Normal termination of command. 

01:Abnormal termination of command. Execution of 
command was started, but was not successfully 
completed. 

10: Invalid command issued. Command issued was not 
recognized as a valid command. 

11: Internal drive ready status changed state during the 


drive polling mode. This only occurs after a hard- 
ware or software reset. 


5.5.2 Result Phase Status Register 1 (ST1) 


7 6 5 4 3 2 


Missing Address Mark 
Drive Write Protected 
Missing Data 
Not Used 
Overrun or Underrun 
CRC Error 

— Not Used 
— End of Track 


FIGURE 5-16. ST1 Result Phase Register Bitmap 
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Bit 0 - Missing Address Mark 


This bit indicates whether or not the Floppy Disk Con- 
troller (FDC) failed to find an address mark in a data field 
during a read, scan, or verify command. 


0: No missing address mark. 
1: Address mark missing. 


Bit O of the result phase Status register 2 (ST2) in- 
dicates the when and where the failure occurred. 
See Section 5.5.3 "Result Phase Status Register 2 
(ST2)" on page 108. 


Bit 1 - Drive Write Protected 


When a write or format command is issued, this bit indi- 
cates whether or not the selected drive is write protect- 
ed, i.e., the WP signal is active. 


0: Selected drive is not write protected, i.e., WP is not 
active. 


1: Selected drive is write protected, i.e., WP is active. 


Bit 2 - Missing Data 


This bit indicates whether or not data is missing for one 

of the following reasons: 

— Controller cannot find the sector specified in the 
command phase during the execution of a read, 
write, scan, or VERIFY command. An Address Mark 
(AM) was found however, so it is not a blank disk. 
Controller cannot read any address fields without a 
CRC error during a READ ID command. 

Controller cannot find starting sector during execu- 
tion of READ A TRACK command. 
: Data is not missing for one of these reasons. 


: Data is missing for one of these reasons. 


Bit 3 - Not Used 


This bit is not used and is always 0. 


Bit 4 - Overrun or Underrun 


This bit indicates whether or not the FDC was serviced 
by the microprocessor soon enough during a data trans- 
fer in the execution phase. For read operations, this bit 
indicates a data overrun. For write operations, it indi- 
cates a data underrun. 


0: FDC was serviced in time. 


1: FDC was not serviced fast enough. Overrun or un- 
derrun occurred. 


Bit 5 - CRC Error 


This bit indicates whether or not the FDC detected a Cy- 
clic Redundancy Check (CRC) error. 
0: No CRC error detected. 
1: CRC error detected. 
Bit 5 of the result phase Status register 2 (ST2) in- 
dicates when and where the error occurred. See 


Section 5.5.3 "Result Phase Status Register 2 
(ST2)". 


Bit 6 - Not Used 


This bit is not used and is always 0. 
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Bit 7 - End of Track 


This bit is set to 1 when the FDC transfers the last byte 

of the last sector without the TC signal becoming active. 

The last sector is the End of Track sector number pro- 

grammed in the command phase. 

0: The FDC did not transfer the last byte of the last 
sector without the TC signal becoming active. 

1: The FDC transferred the last byte of the last sector 
without the TC signal becoming active. 


Result Phase Status Register 2 (ST2) 


7654321 0 Result Phase Status 


Register 2 (ST2) 


Missing Address 
Mark Location 
Bad Track 
Scan Not Satisfied 
Scan Equal Hit 
Wrong Track 

CRC Error in Data Field 

— Control Mark 

— Not Used 


FIGURE 5-17. ST2 Result Phase Register Bitmap 


Bit 0 - Missing Address Mark Location 


If the FDC cannot find the address mark of a data field 

or of an address field during a read, scan, or verify com- 

mand, i.e., bit 0 of ST1 is 1, this bit indicates when and 

where the failure occurred. 

0: The FDC failed to detect an address mark for the 
address field after two disk revolutions. 

1: The FDC failed to detect an address mark for the 
data field after it found the correct address field. 


Bit 1 - Bad Track 


This bit indicates whether or not the FDC detected a bad 

track 

0: No bad track detected. 

1: Bad track detected. 
The desired sector is not found. If the track number 
recorded on any sector on the track is FFh and this 
number is different from the track address specified 
in the command phase, then there is a hard error in 
IBM format. 


Bit 2 - Scan Not Satisfied 


This bit indicates whether or not the value of the data 
byte from the microprocessor meets any of the condi- 
tions specified by the scan command used. 


Section 5.7.16 "The SCAN EQUAL, 
the SCAN LOW OR EQUAL and the SCAN HIGH OR 
EQUAL Commands" on page 128 and TABLE 5-21 
"The Effect of Scan Commands on the ST2 Register" on 
page 129 describe the conditions. 


0: The data byte from the microprocessor meets at 
least one of the conditions specified. 

1: The data byte from the microprocessor does not 
meet any of the conditions specified. 
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Bit 3 - Scan Satisfied 


This bit indicates whether or not the value of the data 
byte from the microprocessor was equal to a byte on the 
floppy disk during any scan command. 


0: No equal byte was found. 


1: A byte whose value is equal to the byte from the 
microprocessor was found on the floppy disk. 


Bit 4 - Wrong Track 


This bit indicates whether or not there was a problem 
finding the sector because of the track number. 


0: Sector found. 
1: Desired sector not found. 


The desired sector is not found. The track number 
recorded on any sector on the track is different 
from the track address specified in the command 
phase. 


Bit 5 - CRC Error in Data Field 


When the FDC detected a CRC error in the correct sec- 
tor (bit 5 of the result phase Status register 1 (ST1) is 1), 
this bit indicates whether it occurred in the address field 
or in the data field. 


0: The CRC error occurred in the address field. 
1: The CRC error occurred in the data field. 


Bit 6 - Control Mark 


When the controller tried to read a sector, this bit indi- 
cates whether or not it detected a deleted data address 
mark during execution of a READ DATA or scan com- 
mands, or aregular address mark during execution of a 
READ DELETED DATA command. 


0: Nocontrol mark detected. 
1: Control mark detected. 


Bit 7 - Not Used 
This bit is not used and is always 0. 


5.5.4 Result Phase Status Register 3 (ST3) 


76 5 43 2 1 Result Phase Status 


lerolaolo cra Reset Register 3 (ST3) 


Logical Drive Selected 
(Command Phase) 


ve 


Head Selected (Command Phase) 
Not Used 
Track 0 
Not Used 
— Drive Write Protected 
— Not Used 


FIGURE 5-18. ST3 Result Phase Register Bitmap 


Bits 1,0 - Logical Drive Selected 
These two binary encoded bits indicate the logical drive 
selected at the end of the command phase. 
The value of these bits is the same as bits 1,0 of the SRO 
register, described in Section 5.5.1 "Result Phase Sta- 
tus Register 0 (STO)" on page 107. 
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00: Drive 0 selected. 
01: Drive 1 selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Head Selected 


This bit indicates which side of the Floppy Disk Drive 
(FDD) is selected. It reflects the status of the HDSEL 
signal at the end of the command phase. 


The value of this bit is the same as bit 2 of the SRO reg- 
ister, described in Section 5.5.1 "Result Phase Status 
Register 0 (STO)" on page 107. 


0: Side 0 is selected. 
1: Side 1 is selected. 


Bit 3 - Not Used 
This bit is not used and is always 1. 


Bit 4 - Track 0 


This bit Indicates whether or not the head of the select- 
ed drive is at track 0. 


0: The head of the selected drive is not at track 0, i.e., 
TRKO is not active. 


1: The head of the selected drive is at track 0, i.e., 
TRKO is active. 


Bit 5 - Not Used 
This bit is not used and is always 1. 


Bit 6 - Drive Write Protected 


This bit indicates whether or not the selected drive is 
write protected, i.e., the WP signal is active (low). 


0: Selected drive is not write protected, i.e., WP is not 
active. 


1: Selected drive is write protected, i.e., WP is active. 


Bit 7 - Not Used 
This bit is not used and is always 0. 


5.6 FDC REGISTER BITMAPS 
5.6.1. Standard 


PS/2 Drive Mode 
7 65 43 2 1 


oT [oT ToT [open 
PET ET TT JReauirea 


_ Head Direction 
WP 
INDEX 
Head Select 
TRKO 
Step 
— Reserved 
— IRQ Pending 


Status Register 
A (SRA) 
Offset 00h 
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PS/2 Drive Mode 


7 65 43 21 0 Status Register 
B (SRB) 


Offset 01h 


— Reserved 
— Reserved 


76 5 4 3 2 41 Digital Output 
Register (DOR) 


Offset 02h 


ie Select 


Reset Controller 
DMAEN 
Motor Enable 0 
Motor Enable 1 
'— Motor Enable 2 
‘— Motor Enable 3 


PC-AT ee Drive Mode 
7 6 5 43 2 1 


CELT Lepore 
Pt ET TY fReauirea 


HA taps Drive Select 1,0 


Tape Drive 
Register (TDR) 
Offset 03h 


Not Used 
TRI-STATE During Read Operations 


Enhanced Drive Mode 
7 65 43 21 0 


Pt fit | fo] of Reser 
Pt ET TY fReauirea 


Tape Drive 
Register (TDR) 
Offset 03h 


Tape Drive Select 1,0 


earre. Drive Exchange 
Drive IDO Information 
Drive ID1 Information 
'— High Density 
— Extra Density 
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Read er 
7 65 4 3 2 1 


pouououoe 
PET ET |  JReauirea 


Drive 0 Busy 
Drive 1 Busy 
Drive 2 Busy 
Drive 3 Busy 
Command in Progress 
Non-DMA Execution 
— Data I/O Direction 
— RQM 


Main Status 
Register (MSR) 
Offset 04h 


Write Se 
7 65 4 3 2 1 


pououono eS 
PLT ET |  JReauirea 


DRATEO 
DRATE1 


ie reer Delay Select 


Undefined 
— Low Power 
— Software Reset 


Data Rate Select 
Register (DSR) 
Offset 04h 


765 43 21 =~0 Data Register 
(FIFO) 
Rese! Offset 05h 


Required 


Read Operations, PC-AT Drive Mode 

A ee ee Digital Input 
Register (DIR) 
Offset 07h 


Reserved, In TRI-STATE 


— DSKCHG 


The Digital Flopp 


Read a aaa PS/2 Drive Mode 
7 6543 2 1 


EE Reset 
PE TT Required 


High Density 
DRATEO Status 
DRATE1 Status 


Digital Input 
Register (DIR) 
Offset 07h 


Reserved 


— DSKCHG 


Write eae 


a Configuration Control 


BoOuouono Reset eg Most O7h 
PE TT TY fReauire 


DRATEO 
DRATE1 


Reserved 


5.6.2 Result Phase Status 


7654321 0 Result Phase Status 


[0] 0] 0/0]0]0] 0] O]Reset Register 0 (STO) 


oe Logical Drive Selected 
(Execution Phase) 
Head Selected (Execution Phase) 
Not Used 
Equipment Check 
SEEK End 


Interrupt Code 
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Missing Address Mark 
Drive Write Protected 
Missing Data 
Not Used 
Overrun or Underrun 
CRC Error 

— Not Used 
— End of Track 


7 6 5 4 3 2 


Missing Address 
Mark Location 
Bad Track 
Scan Not Satisfied 
Scan Equal Hit 
Wrong Track 
CRC Error in Data Field 
— Control Mark 
— Not Used 


76 5 432 1 Result Phase Status 


DBO GREE Reset Register 3 (ST3) 


Logical Drive Selected 
Zt (Command Phase) 
Head Selected (Command Phase) 
Not Used 
Track 0 
Not Used 

— Drive Write Protected 
— Not Used 
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5.7 THE FDC COMMAND SET TABLE 5-9. FDC Command Set Summary 


The first command byte for each command in the FDC com- 
mand set is the opcode byte. The FDC uses this byte to de- Opcode 
termine how many command bytes to expect. Command 


If an invalid command byte is issued to the controller, it im- i al Ns 
mediately enters the result phase and the status is 80h, sig- CONFIGURE 0 o | 4 
nifying an invalid command. 
TABLE 5-9 "FDC Command Set Summary" shows the FDC DUMPREG 0 0 {90 
commands in alphabetical order with the opcode, i.e., the FORMAT TRACK MEM! o |0O 
first command byte, for each. 
In this table: INVALID Invalid Opco 


® MT is a multi-track enable bit (See “Bit 7 - Multi-Track {LOCK 
(MT)” on page 122.) MODE 


© MFM is a modified frequency modulation parameter NSC 
(See “Bit 6 - Modified Frequency Modulation (MFM)” 


CW PHOS EEO) PERPENDICULAR 
® SK isa skip control bit. (See “Bit 5 - Skip Control (SK)”  |MODE 


on page 122.) READ DATA 
Section 5.7.1 "Abbreviations Used in FDC Commands" on 
page 113 explains some symbols and abbreviations you will READ DELETED 
encounter in the descriptions of the commands. DATA 


All phases of each command are described in detail, start- READ ID 
ing with Section 5.7.2 "The CONFIGURE Command" on 
page 114, with bitmaps of each byte in each phase. READ TRACK 


Only named bits and fields are described in detail. When a RECALIBRATE 

bitmap shows a value (0 or 1) for a bit, that bit must have 

that value and is not described. RELATIVE SEEK 
SCAN EQUAL 


SCAN HIGH OR 
EQUAL 


SCAN LOW OR 
EQUAL 


SEEK 


SENSE DRIVE 
STATUS 


SENSE INTERRUPT 
SET TRACK 
SPECIFY 

VERIFY 

VERSION 

WRITE DATA 


WRITE DELETED 
DATA 
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5.7.1 
BFR 


BST 


Abbreviations Used in FDC Commands 


Buffer enable bit set in the MODE command. En- 
ables open-collector output buffers. 


Burst mode disable control bit set in MODE com- 
mand. Disables burst mode for the FIFO, if the 
FIFO is enabled. 


DC3-0 Drive Configuration for drives 3-0. Used to config- 


ure a logical drive to conventional or perpendicular 
mode in the PERPENDICULAR MODE command. 


DENSEL 


DIR 


DMA 


Density Select control bits set in the MODE com- 
mand. 


Direction control bit used in RELATIVE SEEK com- 
mand to indicate step in or out. 


DMA mode enable bit set in the SPECIFY com- 
mand. 


DS1-0 Drive Select for bits 1,0 used in most commands. 


EC 


Selects the logical drive. 


Enable Count control bit set in the VERIFY com- 
mand. When this bit is 1, SC (Sectors to read 
Count) command byte is required. 


Enable Implied Seeks. Set in the CONFIGURE 
command. 


End of Track parameter set in read, write, scan, 
and VERIFY commands. 


Extended Track Range set in the MODE command. 


First-In First-Out buffer. Also a control bit set in the 
CONFIGURE command to enable or disable the 
FIFO. 


FIFO Read Disable control bit set in the MODE 
command 


FIFO Write disable control bit set in the MODE 
command. 


The length of gap 2 in the FORMAT TRACK com- 
mand and the portion of it that is rewritten in the 
WRITE DATA command depend on the drive mode, 
i.e., perpendicular or conventional. FIGURE 5-19 
"IBM, Perpendicular, and ISO Formats Supported 
by the FORMAT TRACK Command" on page 118 
illustrates gap 2 graphically. For more details, see 
“Bits 1,0 - Group Drive Mode Configuration (GDC)” 
on page 121. 


Gap 3 Gap 3 is the space between sectors, excluding the 


synchronization field. It is defined in the FORMAT 
TRACK command. See FIGURE 5-19. 


Group Drive Configuration for all drives. Configures 
all logical drives as conventional or perpendicular. 
Used in the PERPENDICULAR MODE command. 
Formerly, GAP2 and WG. 


Head Select control bit used in most commands. 
Selects Head 0 or 1 of the disk. 


Index Address Field control bit set in the MODE 
command. Enables the ISO Format during the 
FORMAT command. 
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IPS 


Implied Seek enable bit set in the MODE, read, 
write, and scan commands. 


LOCK Lock enable bit in the LOCK command. Used to 


prevent certain parameters from being affected by 
a software reset. 


LOW PWR 


MFM 


MT 


Ow 


POLL 


Low Power control bits set in the MODE command. 


Modified Frequency Modulation parameter used in 
FORMAT TRACK, read, VERIFY and write com- 
mands. 


Motor Off Time. Now called Delay After Processing 
time. This delay is set by the SPECIFY command. 


Motor On Time. Now called Delay Before Process- 
ing time. This delay is set by the SPECIFY com- 
mand. 


Most Significant Byte controls which whether the 
most or least significant byte is read or written in 
the SET TRACK command. 


Multi-Track enable bit used in read, write, scan and 
VERIFY commands. 


Overwrite control bit set in the PERPENDICULAR 
MODE command. 


Enable Drive Polling bit set in the CONFIGURE 
command. 


PRETRK 


Precompensation Track Number set in the CON- 
FIGURE command 


Present Track number. Contains the internal 8-bit 
track number or the least significant byte of the 12- 
bit track number of one of the four logical disk 
drives. PTR is set in the SET TRACK command. 


Recalibration control bit set in MODE command. 
Sets maximum number of STEP pulses during 
RECALIBRATE command to 255. 


Relative Track Number used in the RELATIVE 
SEEK command. 


Sector Count control bit used in the VERIFY com- 
mand. 


Skip control bit set in read and scan and VERIFY 
operations. 


Step Rate Time set in the SPECIFY command. De- 
termines the time between STEP pulses for SEEK 
and RECALIBRATE operations. 


Result phase Status registers 3-0 that contain sta- 
tus information about the execution of a command. 
See Sections 5.5.1 "Result Phase Status Register 
0 (STO)" on page 107 through 5.5.4 "Result Phase 
Status Register 3 (ST3)" on page 109. 


THRESH 


FIFO threshold parameter set in the CONFIGURE 
command 


Timer control bit set in the MODE command. Af- 
fects the timers set in the SPECIFY command. 
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Formerly, the Write Gate control bit. Now included 
in the Group Drive mode Configuration (GDC) bits 
in the PERPENDICULAR MODE command. 


Wildcard bit in the MODE command used to enable 
or disable the wildcard byte (FFh) during scan com- 
mands. 


Write Number controls whether to read an existing 
track number or to write a new one in the SET 
TRACK command. 


5.7.2 The CONFIGURE Command 


The CONFIGURE command controls some operation 
modes of the controller. It should be issued during the ini- 
tialization of the FDC after power up. 


The bits in the CONFIGURE registers are set to their default 
values after a hardware reset. 


Command Phase 


0 0 0 0 


7 
0 
0 
0 


Threshold (THRESH) 
Precompensation Track Number (PRETRK) 


Third Command Phase Byte 


Bits 3-0 - The FIFO Threshold (THRESH) 
These bits specify the threshold of the FIFO during the 
execution phase of read and write data transfers. 
This value is programmable from 00h to OFh. A software 
reset sets this value to 00 if the LOCK bit (bit 7 of the op- 
code of the LOCK command) is 0. If the LOCK bit is 1, 
THRESH retains its value. 


Use a high value of THRESH for systems that respond 
slowly and a low value for fast systems. 


Bit 4 - Disable Drive Polling (POLL) 
This bit enables and disabled drive polling. A software 
reset clears this bit to 0. 
When drive polling is enabled, an interrupt is generated 
after a reset. 
When drive polling is disabled, if the CONFIGURE com- 
mand is issued within 500 msec of a hardware or soft- 
ware reset, then an interrupt is not generated. In 
addition, the four SENSE INTERRUPT commands to 
clear the Ready Changed State of the four logical drives 
is not required. 
0: Enable drive polling. (Default) 


1: Disable drive polling. 


Bit 5 - Enable FIFO (FIFO) 
This bit enables and disables the FIFO for execution 
phase data transfers. 
If the LOCK bit (bit 7 of the opcode of the LOCK com- 
mand) is 0, a software reset disables the FIFO, i.e., sets 
this bit to 1. 
If the LOCK bit is 1, this bit retains its previous value af- 
ter a software reset. 
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0: FIFO enabled for read and write operations. 
1: FIFO disabled. (Default) 


Bit 6 - Enable Implied Seeks (EIS) 


This bit enables or disables implied seek operations. A 

software reset disables implied seeks, i.e., clears this bit 

to 0. 

Bit 5 of the MODE command (Implied Seek (IPS) can 

override the setting of this bit and enable implied seeks 

even if they are disabled by this bit. 

When implied seeks are enabled, a seek or sense inter- 

rupt operation is performed before execution of the read, 

write, scan, or verify operation. 

0: Implied seeks disabled. The MODE command can 
still enable implied seek operations. (Default) 

1: Implied seeks enabled for read, write, scan and 
VERIFY operations, regardless of the value of the 
IPS bit in the MODE command. 


Fourth Command Phase Byte, Bits 7-0, 
Precompensation Track Number (PRETRK) 


This byte identifies the starting track number for write 
precompensation. The value of this byte is programma- 
ble from track 0 (00h) to track 255 (FFh). 


If the LOCK bit (bit 7 of the opcode of the LOCK com- 
mand) is 0, after a software reset this byte indicates 
track 0 (00h). 


If the LOCK bit is 1, PRETRK retains its previous value 
after a software reset. 
Execution Phase 


Internal registers are written. 


Result Phase 


None. 


5.7.3. The DUMPREG Command 


The DUMPREG command supports system run-time diag- 
nostics, and application software development and debug- 
ging. 

DUMPREG has a one-byte command phase (the opcode) 
and a 10-byte result phase, which returns the values of pa- 
rameters set in other commands. See the commands that 
set each parameter for a detailed description of the param- 
eter. 


Command Phase 


7 6 5 


0 0 0 


Execution Phase 


Internal registers read. 


Result Phase 


7 6 5 4 3 2 1 


Byte of Present Track Number (PTR) Drive 0 


Byte of Present Track Number (PTR) Drive 1 
Byte of Present Track Number (PTR) Drive 2 


(PTR) 
(PTR) 
(PTR) 
(PTR) 


Byte of Present Track Number (PTR) Drive 3 


Step Rate Time (SRT) Delay After Processing 


Delay Before Processing DMA 


Sectors per Track or End of Track (EOT) Sector # 


THRESH 


Precompensation Track Number (PRETRK) 


After a hardware or software reset, parameters in this phase 
are reset to their default values. Some of these parameters 
are unaffected by a software reset, depending on the state 
of the LOCK bit. 


See the command that determines the setting for the bit 
or field for details. 


First through Fourth Result Phase Bytes, 
Present Track Number (PTR) Drives 3-0 
Each of these bytes contains either the internal 8-bit 


track number or the least significant byte of the 12-bit 
track number of the corresponding logical disk drive. 


Bits 7-0, 


Fifth and Sixth Result Phase Bytes, Bits 7-0, 
Step Rate Time, Motor Off Time, Motor On Time and 
DMA 


These fields are all set by the SPECIFY command. See 
Section 5.7.21 "The SPECIFY Command" on page 131. 


Seventh Result Phase Byte - 
Sectors Per Track or End of Track (EOT) 


This byte varies depending on what commands have 
been previously executed. 

If the last command issued was a FORMAT TRACK 
command, and no read or write commands have been 
issued since then, this byte contains the sectors per 
track value. 

If aread or awrite command was executed more recent- 
ly than a FORMAT TRACK command, this byte speci- 
fies the number of the sector at the End of the Track 
(EOT). 


Eighth Result Phase Byte 


Bits 5-0 - DC3-0, GDC 
Bits 5-0 of the second command phase byte of the PER- 
PENDICULAR MODE command set bits 5-0 of this byte. 
See “Bits 5-2 -Drive 3-0 Mode Configuration (DC3-0)” 
on page 121. 
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Bit 7 - LOCK 


This bit controls how the other bits in this command re- 
spond to a software reset. See Section 5.7.6 "The 
LOCK Command" on page 118. 


The value of this is determined by bit 7 of the opcode of 
the LOCK command. 


0: Bits in this command are set to their default values 
after a software reset. (Default) 


1: Bits in this command are unaffected by a software 
reset. 


Ninth and Tenth Result Phase Bytes 


These bytes reflect the values in the third and fourth 
command phase bytes of the CONFIGURE command. 
See Section 5.7.2 "The CONFIGURE Command" on 
page 114. 


5.7.4 The FORMAT TRACK Command 


This command formats one track on the disk in IBM, ISO, or 
Toshiba perpendicular format. 


After a pulse from the INDEX signal is detected, data pat- 
terns are written on the disk including all gaps, Address 
Marks (AMs), address fields and data fields. See FIGURE 
5-19 "IBM, Perpendicular, and ISO Formats Supported by 
the FORMAT TRACK Command" on page 118. 


The format of the track is determined by the following pa- 
rameters: 


© The MFM bit in the opcode (first command) byte, which 
indicates the type of the disk drive and the data transfer 
rate and determines the format of the address marks 
and the encoding scheme. 


The Index Address Format (IAF) bit (bit 6 in the second 
command phase byte) in the MODE command, which 
selects IBM or ISO format. 


The Group Drive Configuration (GDC) bits in the PER- 
PENDICULAR MODE command, which select either 
conventional or Toshiba perpendicular format. 


A bytes-per-sector code, which determines the sector 
size. See TABLE 5-11 "Bytes per Sector Codes" on 
page 116. 


A sectors per track parameter, which specifies how 
many sectors are formatted on the track. 


The data pattern byte, which is used to fill the data field 
of each sector. 


TABLE 5-10 "Typical Values for PC Compatible Diskette 
Media" on page 116 shows typical values for these param- 
eters for specific PC compatible diskettes. 


To allow flexible formatting, the microprocessor must sup- 
ply the four address field bytes (track number, head num- 
ber, sector number, bytes-per-sector code) for each sector 
formatted during the execution phase. This allows non-se- 
quential sector interleaving. 


This transfer of bytes from the microprocessor to the con- 
troller can be done in DMA or non-DMA mode (See Section 
5.4.2 "Execution Phase" on page 104), with the FIFO en- 
abled or disabled. 


The FORMAT TRACK command terminates when a pulse 
from the INDEX signal is detected a second time, at which 
point an interrupt is generated. 
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Command Phase 


First Command Phase Byte, Opcode 


Bit 6 - Modified Frequency Modulation (MFM) 


This bit indicates the type of the disk drive and the data 
transfer rate, and determines the format of the address 


Bytes-Per-Sector Code 


marks and the encoding scheme. 
0: FM mode, i.e., single density. 


Sectors per Track 


1: MFM mode, i.e., double density. 


Bytes in Gap 3 


Data Pattern 


TABLE 5-10. Typical Values for PC Compatible Diskette Media 


Bytes in Data | Bytes-Per-Sector 


Media TYPe | Field (decimal) | | Code (hex) 


End of Track (EOT) |Bytes in Gap 2 ' |Bytes in Gap 3 2 
Sector # (hex) (hex) (hex) 


360 KB 512 02 
1.2 MB 512 02 


720 KB 512 02 
1.44 MB 512 02 
2.88 MB? 512 02 


09 2A 50 
OF 1B 54 
09 1B 50 
12 1B 6C 
24 1B 53 


1. Gap 2 is specified in the command phase of read, write, scan, and verify commands. Although this is the 
recommended value, the FDC ignores this byte in read, write, scan and verify commands. 

2. Gap 3 is the suggested value for the programmable GAP3 that is used in the FORMAT TRACK com- 
mand and is illustrated in FIGURE 5-19 "IBM, Perpendicular, and ISO Formats Supported by the FOR- 


MAT TRACK Commana" on page 118. 


3. The 2.88 MB diskette media is a barium ferrite media intended for use in perpendicular recording drives 


at the data rate of up to 1 Mbps. 


Second Command Phase Byte 


Bits 1,0 - Logical Drive Select (DS1,0) 


These bits indicate which logical drive is active. They re- 
flect the values of bits 1,0 of the Digital Output Register 
(DOR) described in “Bits 1,0 - Drive Select” on page 98 
and of result phase status registers 0 and 3 (STO and 
ST3) described in Sections 5.5.1 "Result Phase Status 
Register 0 (STO)" on page 107 and 5.5.4 "Result Phase 
Status Register 3 (ST3)" on page 109. 


00: Drive 0 is selected. (Default) 
01: Drive 1 is selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Head Select (HD) 


This bit indicates which side of the Floppy Disk Drive 
(FDD) is selected by the head. Its value is the inverse of 
the HDSEL disk interface output signal. 


This bit reflects the value of bit 3 of Status Register A 
(SRA) described in Section 5.3.1 "Status Register A 
(SRA)" on page 96 and bit 2 of result phase status reg- 
isters 0 and 3 (STO and ST3) described in Sections 
5.5.1 "Result Phase Status Register 0 (STO)" on page 
107 and 5.5.4 "Result Phase Status Register 3 (ST3)" 
on page 109, respectively. 

0: HDSEL is not active, i.e., the head of the FDD se- 

lects side 0. (Default) 
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1: HDSEL is active, i.e., the head of the FDD selects 
side 1. 


Third Command Phase Byte -Bytes-Per-Sector Code 


This byte contains a code in hexadecimal format that in- 
dicates the number of bytes in a data field. 


TABLE 5-11 "Bytes per Sector Codes" shows the num- 
ber of bytes in a data field for each code. 


TABLE 5-11. Bytes per Sector Codes 


Bytes-Per-Sector Code (hex)| Bytes in Data Field 
00 128 
01 256 
02 512 
03 1024 
04 2048 
05 4096 
06 8192 
07 16384 


Fourth Command Phase Byte - Sectors Per Track 


The value in this byte specifies how many sectors there 
are in the track. 
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Fifth Command Phase Byte - Bytes in Gap 3 


The number of bytes in gap 3 is programmable. The 
number to program for Gap 3 depends on the data 
transfer rate and the type of the disk drive. TABLE 5-12 
"Typical Gap 3 Values" shows some typical values to 
use for Gap 3. 

FIGURE 5-19 "IBM, Perpendicular, and ISO Formats 
Supported by the FORMAT TRACK Command" on 
page 118 illustrates the track format for each of the for- 
mats recognized by the FORMAT TRACK command. 


Sixth Command Phase Byte - Data Pattern 
This byte contains the contents of the data field. 


Execution Phase 


The system transfers four ID bytes (track number, head 
number, sector number and bytes-per-sector code) per sec- 
tor to the Floppy Disk Controller (FDC) in either DMA or 
non-DMA mode. Section 5.4.2 "Execution Phase" on page 
104 describes these modes. 


The entire track is formatted. The data block in the data field 
of each sector is filled with the data pattern byte. 


Only the first three status bytes in this phase are significant. 


TABLE 5-12. Typical Gap 3 Values 


Drive Type and Bytes in Data | Bytes-Per-Sector 
Data Transfer Rate; Field (decimal) Code (hex) 


End of Track (EOT) 


Bytes in Gap 3 2 
(hex) 


Bytes in Gap 2 ' 


Sector # (hex) (hex) 


256 01 
256 01 
512 02 
512 02 
1024 03 
2048 04 
4096 05 


250 Kbps 
MFM 


256 
512 02 
512 02 
1024 03 
2048 04 
4096 05 
8192 06 


500 Kbps 
MFM 


01 C8 FF 


12 0A 0C 
10 20 32 
08 2A 50 
09 2A 50 
04 80 FO 
02 C8 FF 


1A OE 36 
OF 1B 54 
12 1B 6C 
08 35 74 
04 99 FF 
02 C8 FF 
01 C8 FF 


1. Gap 2 is specified in the command phase of read, write, scan, and verify commands. Although this is the rec- 
ommended value, the FDC ignores this byte in read, write, scan and verify commands. 
2. Gap 3 is the suggested value for use in the FORMAT TRACK command. This is the programmable Gap 3 


illustrated in FIGURE 5-19 
Command" on page 118. 


Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 


Result Phase Status Register 2 (ST2) 


Undefined 


Undefined 
Undefined 


Undefined 
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5.7.5 The INVALID Command 


If an invalid command (illegal opcode byte in the command 
phase) is received by the Floppy Disk Controller (FDC), the 
controller responds with the result phase Status register 0 
(STO) in the result phase. See Section 5.5.1 "Result Phase 
Status Register 0 (STO)" on page 107. 


The controller does not generate an interrupt during this 
condition. Bits 7 and 6 in the MSR (see Section 5.3.6 "Data 
Rate Select Register (DSR)" on page 101) are both set to 1, 
indicating to the microprocessor that the controller is in the 
result phase and the contents of STO must be read. 
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Command Phase 


7 6 5 4 3 


Result Phase 


7 6 5 4 3 2 1 


Invalid Opcodes 


Result Phase Status Register 0 (STO) (80h) 
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Execution Phase 


None. 


Index Pulse 


fe) 
Gap 0]SYNC Gap 1] SYNC 
80 of | 12 of 50 of | 12 of 
4E 00 [3 of 4E 00 [3of 
FC A1*| FE 
I | 


I | 
lo I 
Gap 0|SYNC Gap 1] SYNC 
80 of | 12 of 50 of | 12 of 
4E 00 [3 of 4E 00 [3of 
FC At* | FE 
I I 


Index 
>| 


Field 
I 
(oe | 
Gap 1 SYNC] AM | 
32 of | 12 of 
4E 00 13 of 
A1* | FE 


Address 
| 


xoMs 4 


Toshiba 
Perpendicular 
Format 


xom7s4 


Format 
(MFM) 


xo rH 


a Address Field 
}~<—_—_——————___ Repeated for each sector 


The system reads the value 80h from STO indicating that an 
invalid command was received. 


C}Gap21SYNC]} AM Data 
22 of | 12 of 
C] 4E 00 4 EB Cc 
3011 of 
F8 
I 
I 
I 
C}Gap21SYNC]} AM Data 
41 of | 12 of 
Cl] 4E 00 
3 of oe 
A1* 
F8 
I 
l 
I 
Gap 2]SYNC] AM Data 
22 of | 12 of R 
4E 00 
3 of ae 
A1* 
F8 
l 
>< 


Data Field —— >| 


Gap 3 |Gap 4 


A1* = Data Pattern of A1, Clock Pattern of OA. All other data rates use gap 2 = 22 bytes. 
C2* = Data Pattern of C2, Clock Pattern of 14 


FIGURE 5-19. IBM, Perpendicular, and ISO Formats Supported by the FORMAT TRACK Command 


5.7.66 The LOCK Command 


The LOCK command can be used to keep the FIFO en- 
abled and to retain the values of some parameters after a 
software reset. 


After the command byte of the LOCK command is written, 
its result byte must be read before the opcode of the next 
command can be read. The LOCK command is not execut- 
ed until its result byte is read by the microprocessor. 


If the part is reset after the command byte of the LOCK com- 
mand is written but before its result byte is read, then the 
LOCK command is not executed. This prevents accidental 
execution of the LOCK command. 


Command Phase 


7 6 5 


LOCK) 0 0 
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Bit 7 - Control Reset Effect (LOCK) 


This bit determines how the FIFO, THRESH, and 
PRETRK bits in the CONFIGURE command and, the 
FWR, FRD, and BST bits in the MODE command are af- 
fected by a software reset. 


0: Set default values after a software reset. (Default) 
1: Values are unaffected by a software reset. 
Execution Phase 


Internal register is written. 


Result Phase 


LOCK 


Bit 4 - Control Reset Effect (LOCK) 
Same as bit 7 of opcode in command phase. 
5.7.7 The MODE Command 


This command selects the special features of the controller. 
The bits in the command bytes of the MODE command are 
set to their default values after a hardware reset. 


Command Phase 


0 


Head Settle Factor 


Second Command Phase Byte 


Bit 0 - Extended Track Range (ETR) 


This bit determines how the track number is stored. It is 
cleared to 0 after a software reset. 


0: Track number is stored as a standard 8-bit value 
compatible with the IBM, ISO, and Toshiba Perpen- 
dicular formats. 


This allows access of up to 256 tracks during a 
seek operation. (Default) 


: Track number is stored as a 12-bit value. 


The upper four bits of the track value are stored in 
the upper four bits of the head number in the sector 
address field. 


This allows access of up to 4096 tracks during a 
seek operation. With this bit set, an extra byte is re- 
quired in the SEEK command phase and SENSE 
INTERRUPT result phase. 


Bits 3,2 - Low-Power Mode (LOW PWR) 


These bits determine whether or not the FDC powers 
down and, if it does, they specific how long it will take. 


These bits disable power down, i.e., are cleared to 0, af- 
ter a software reset. 


00: Disables power down. (Default) 
01: Automatic power down. 


At a 500 Kbps data transfer rate, the FDC goes into 
low-power mode 512 msec after it becomes idle. 


At a 250 Kbps data transfer rate, the FDC goes into 
low-power mode 1 second after it becomes idle. 


10: Manual power down. 
The FDC powers down mode immediately. 
11: Not used. 


Bit 5 - Implied Seek (IPS) 


This bit determines whether the Implied Seek (IPS) bit 

in acommand phase byte of a read, write, scan, or verify 

command is ignored or READ. 

A software reset clears this bit to its default value of 0. 

0: The IPS bit in the command byte of a read, write, 
scan, or verify is ignored. (Default) 
Implied seeks can still be enabled by the Enable 
Implied Seeks (EIS) bit (bit 6 of the third command 
phase byte) in the CONFIGURE command. 

: The IPS bit in the command byte of a read, write, 

scan, or verify is read. 
If it is set to 1, the controller performs seek and 
sense interrupt operations before executing the 
command. 


Bit 6 - Index Address Format (IAF) 


This bit determines whether the controller formats 
tracks with or without an index address field. 


A software reset clears this bit to its default value of 0. 

0: The controller formats tracks with an index address 
field. (IBM and Toshiba Perpendicular format). 

1: The controller formats tracks without an index ad- 
dress field. (ISO format). 


Bit 7 - Motor Timer Values (TMR) 


This bit determines which group of values to use to cal- 
culate the Delay Before Processing and Delay After Pro- 
cessing times. The value of each is programmed using 
the SPECIFY command, which is described in TABLES 
5-24 "Constant Multipliers for Delay After Processing 
Factor and Delay Ranges" on page 132 and 5-25 "Con- 
stant Multipliers for Delay Before Processing Factor and 
Delay Ranges" on page 132. 


A software reset clears this bit to its default value of 0. 
0: Use the TMR = 0 group of values. (Default) 
1: Use the TMR = 1 group of values. 


Third Command Phase Byte 


Bit 4 - RECALIBRATE Step Pulses (R255) 


This bit determines the maximum number of RECALI- 
BRATE step pulses the controller issues before termi- 
nating with an error, depending on the value of the 
Extended Track Range (ETR) bit, i.e., bit 0 of the sec- 
ond command phase byte in the MODE command. 


A software reset clears this bit to its default value of 0. 
0: If ETR (bit 0) = 0, the controller issues a maximum 
of 85 recalibration step pulses. 
If ETR (bit 0) = 1, the controller issues a maximum 
of 3925 recalibration step pulses. (Default) 
If ETR (bit 0) = 0, the controller issues a maximum 
of 255 recalibration step pulses. 


If ETR (bit 0) = 1, the controller issues a maximum 
of 4095 recalibration step pulses. 


Bit 5 - Burst Mode Disable (BST) 


This bit enables or disables burst mode, if the FIFO is 
enabled (bit 5 in the CONFIGURE command is 0). If the 
FIFO is not enabled in the CONFIGURE command, then 
the value of this bit is ignored. 
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A software reset enables burst mode, i.e., clears this bit 

to its default value of 0, if the LOCK bit (bit 7 of the op- 

code of the LOCK command) is 0. If it is 1, BST retains 

its value after a software reset. 

0: Burst mode enabled for FIFO execution phase data 
transfers. (Default) 


1: Burst mode disabled. 


The FDC issues one DRQ or IRQ6 pulse for each 
byte to be transferred while the FIFO is enabled. 


Bit 6 - FIFO Read Disable (FRD) 


This bit enables or disables the FIFO for microprocessor 
read transfers from the controller, if the FIFO is enabled 
(bit 5 in the CONFIGURE command is 0). If the FIFO is 
not enabled in the CONFIGURE command, then the val- 
ue of this bit is ignored. 

A software reset enables the FIFO for reads, i.e., clears 
this bit to its default value of 0, if the LOCK bit (bit 7 of 
the opcode of the LOCK command) is 0. If it is 1, FRD 
retains its value after a software reset. 

0: Enable FIFO. Execution phase of microprocessor 

read transfers use the internal FIFO. (Default) 


1: Disable FIFO. All read data transfers take place 
without the FIFO. 


Bit 7 - FIFO Write Enable or Disable (FWR) 


This bit enables or disables write transfers to the con- 
troller, if the FIFO is enabled (bit 5 in the CONFIGURE 
command is 0). If the FIFO is not enabled in the CON- 
FIGURE command, then the value of this bit is ignored. 
A software reset enables the FIFO for writes, i.e., clears 
this bit to its default value of 0, if the LOCK bit (bit 7 of 
the opcode of the LOCK command) is 0. If it is 1, FWR 
retains its value after a software reset. 
0: Enable FIFO. Execution phase microprocessor 
write transfers use the internal FIFO. (Default) 
1: Disable FIFO. All write data transfers take place 
without the FIFO. 


Fourth Command Phase Byte 


Bits 3-0 - Head Settle Factor 


This field is used to specify the maximum time allowed 
for the read/write head to settle after a seek during an 
implied seek operation. 


The value specified by these bits (the head settle factor) 
is multiplied by the multiplier for selected data rate to 
specify a head settle time that is within the range for that 
data rate. 


Use the following formula to determine the head settle 
factor that these bits should specify: 

Head Settle Factor x Multiplier = Head Settle Time 
TABLE 5-13 "Multipliers and Head Settle Time Ranges 
for Different Data Transfer Rates" shows the multipliers 
and head settle time ranges for each data transfer rate. 


The default head settle factor, i.e., value for these bits, 
is 8. 
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TABLE 5-13. Multipliers and Head Settle Time Ranges 


for Different Data Transfer Rates 


Head Seitle 
Time Range (msec) 


Data Transfer 


Rate (Kbps) Multiplier 


250 0 - 120 


300 0 - 100 


500 0 - 60 


1000 0 - 30 


Bit 4 - Scan Wild Card (WLD) 


This bit determines whether or not a value of FFh from 
either the microprocessor or the disk is recognized dur- 
ing a scan command as a wildcard character. 

0: A value of FFh from either the microprocessor or 
the disk during a scan command is interpreted as a 
wildcard character that always matches. (Default) 

: The scan commands do not recognize a value of 
FFh as a wildcard character. 


Bit 5 - CMOS Disk Interface Buffer Enable (BFR) 


This bit configures drive output signals. 

0: Drive output signals are configured as standard 4 
mA push-pull output signals (40 mA sink, 4 mA 
source). (Default) 

: Drive output signals are configured as 40 mA open- 
drain output signals. 


Bits 7,6 - Density Select Pin Configuration (DENSEL) 


This field can configure the polarity of the Density Select 
output signal (DENSEL) as always low or always high, 
as shown in Table 4-3. This allows the user more flexi- 
bility with new drive types. 


This field overrides the DENSEL polarity defined by the 
DENSEL polarity bit of the Superl/O FDC configuration 
register at index FOh and described in Section 2.6.1 "Su- 
perl/O FDC Configuration Register" on page 40. 

00: The DENSEL signal is always low. 

01: The DENSEL signal is always high. 

10: The DENSEL signal is undefined. 

11: The polarity of the DENSEL signal is defined by the 
DENSEL Polarity bit (bit 5) of the Superl/O FDC 
configuration register. See page “Bit 5 - DENSEL 
Polarity Control” on page 40. (Default) 


TABLE 5-14. DENSEL Encoding 


Bit 6 DENSEL Pin Definition 


0 DENSEL low 


1 DENSEL high 


0 undefined 


Set by bit 5 of the Superl/O FDC 
configuration register at offset FOh. 


Execution Phase 


Internal registers are written. 
Result Phase 
None. 


5.7.8 The NSC Command 


The NSC command can be used to distinguish between the 
FDC versions and the 82077. 


Command Phase 


The increased space between the two heads requires a 
larger gap 2 between the address field and data field of a 
sector at 1 or 2 Mbps. See Perpendicular Format in FIG- 
URE 5-19 "IBM, Perpendicular, and ISO Formats Support- 
ed by the FORMAT TRACK Command" on page 118. A gap 
2 length of 41 bytes (at 1 or 2 Mbps) ensures that the pre- 
amble in the data field is completely pre-erased by the pre- 
erase head. 


Also, during WRITE DATA operations to a perpendicular 
drive, a portion of gap 2 must be rewritten by the controller 
to guarantee that the data field preamble has been pre- 
erased. See TABLE 5-15. 


Command Phase 


7 6 4 3 


Execution Phase 


Result Phase. 


7 6 5 4 3 2 1 0 


0 1 1 1 0 0 1 1 


The result phase byte of the NSC command identifies the 
module as the floppy disk controller (FDC) of NSC by re- 
turning a value of 73h. 


The 82077 and DP8473 return the value 80h, signifying an 
invalid command. 


Bits 3-0 of this result byte are subject to change by NSC, 
and specify the version of the Floppy Disk Controller (FDC) 


5.7.9 The PERPENDICULAR MODE Command 


The PERPENDICULAR MODE command configures each 
of the four logical disk drives for perpendicular or conven- 
tional mode via the logical drive configuration bits 1,0 or 5- 
2, depending on the value of bit 7. The default mode is con- 
ventional. Therefore, if the drives in the system are conven- 
tional, it is not necessary to issue a PERPENDICULAR 
MODE command. 


This command supports the unique FORMAT TRACK and 
WRITE DATA requirements of perpendicular (vertical) re- 
cording disk drives with a 4 MB unformatted capacity. 


Perpendicular recording drives operate in extra high density 
mode at 1 or 2 Mbps, and are downward compatible with 
1.44 MB and 720 KB drives at 500 kbps (high density) and 
250 kbps (double density), respectively. 


If the system includes perpendicular drives, this command 
should be issued during initialization of the FDC. Then, 
when a drive is accessed for a FORMAT TRACK or WRITE 
DATA command, the FDC adjusts the command parame- 
ters based on the data rate. See TABLE 5-15 "Effect of 
Drive Mode and Data Rate on FORMAT TRACK and 
WRITE DATA Commands" on page 122. 


Precompensation is set to zero for perpendicular drives at 
any data rate. 


Perpendicular recording type disk drives have a pre-erase 
head that leads the read or write head by 200 um, which 
translates to 38 bytes at a 1 Mbps data transfer rate (19 
bytes at 500 Kbps). 
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0 1 0 


OW DC2 | DC1 


Second Command Phase Byte 


A hardware reset clears all the bits to zero (conventional 
mode for all drives). PERPENDICULAR MODE command 
bits may be written at any time. 


The settings of bits 1 and 0 in this byte override the logical 
drive configuration set by bits 5 through 2. If bits 1 and 0 are 
both 0, bits 5 through 2 configure the logical disk drives as 
conventional or perpendicular. Otherwise, bits 2 and 0 con- 
figure them. See TABLE 5-16 "Effect of GDC Bits on FOR- 
MAT TRACK and WRITE DATA Commands" on page 122. 


Bits 1,0 - Group Drive Mode Configuration (GDC) 


These bits configure all the logical disk drives as con- 
ventional or perpendicular. If the Overwrite bit (OW, bit 
7) is O, this setting may be overridden by bits 5-2. 


It is not necessary to issue the FORMAT TRACK com- 
mand if all drives are conventional. 


These bits are cleared to 0 by a software reset. 
00: Conventional. (Default) 

01: Perpendicular. (500 Kbps) 

10: Conventional. 

11: Perpendicular. (1 or 2 Mbps) 


Bits 5-2 -Drive 3-0 Mode Configuration (DC3-0) 
If bits 1,0 are both 0, and bit 7 is 1, these bits configure 
logical drives 3-0 as conventional or perpendicular. Bits 
5-2 (DC3-0) correspond to logical drives 3-0, respec- 
tively. 
These bits are not affected by a software reset. 
0: Conventional drive. (Default) 


It is not necessary to issue the FORMAT TRACK 
command for conventional drives. 


1: Perpendicular drive. 


Bit 7 - Overwrite (OW) 


This bit enables or disables changes in the mode of the 
logical drives by bits 5-2. 


0: Changes in mode of logical drives via bits 5-2 are 
ignored. (Default) 


1: Changes enabled. 
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Execution Phase 


Internal registers are written. 


Result Phase 


None. 


TABLE 5-15. Effect of Drive Mode and Data Rate on FORMAT TRACK and WRITE DATA Commands 


Data Rates Drive Mode 


Length of Gap 2 in FORMAT 
TRACK Command 


Portion of Gap 2 Rewritten in 
WRITE DATA Command 


Conventional 
Perpendicular 


250, 300 or 500 Kbps 


22 bytes 
22 bytes 


0 bytes 
19 bytes 


1 or 2 Mbps Conventional 


Perpendicular 


22 bytes 
41 bytes 


0 bytes 
38 bytes 


TABLE 5-16. Effect of GDC Bits on FORMAT TRACK and WRITE DATA Commands 


GDC Bits 


Drive Mode 


Length of Gap 2 in 
FORMAT TRACK Command 


Portion of Gap 2 Rewritten in 
WRITE DATA Command 


Conventional 


22 bytes 0 bytes 


Perpendicular (<500 Kbps) 


22 bytes 19 bytes 


Conventional 


22 bytes 0 bytes 


Perpendicular (1 or 2 Mbps) 


41 bytes 38 bytes 


5.7.10 The READ DATA Command 

The READ DATA command reads logical sectors that con- 
tain a normal data address mark from the selected drive and 
makes the data available to the host microprocessor. 
Command Phase 


7 6 5 3 


MT | MFM| SK 0 0 


X X X X 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 


Data Length (Obsolete) 


The READ DATA command phase bytes must specify the 
following ID information for the desired sector: 


® Track number 
® Head number 
® Sector number 


© Bytes-per-sector code (See TABLE 5-11 
Sector Codes" on page 116.) 


"Bytes per 
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© End of Track (EOT) sector number. This allows the con- 
troller to read multiple sectors. 


© The value of the data length byte is ignored and must be 


set to FFh. 


After the last command phase byte is written, the controller 
waits the Delay Before Processing time (see TABLE 5-25 
"Constant Multipliers for Delay Before Processing Factor 
and Delay Ranges" on page 132) for the selected drive. 
During this time, the drive motor must be turned on by en- 
abling the appropriate drive and motor select disk interface 
output signals via the bits of the Digital Output Register 
(DOR). See Section 5.3.3 "Digital Output Register (DOR)" 
on page 97. 


First Command Phase Byte 


Bit 5 - Skip Control (SK) 


This controls whether or not sectors containing a delet- 
ed address mark will be skipped during execution of the 
READ DATA command. See TABLE 5-17 "Skip Control 
Effect on READ DATA Command" on page 124. 


0: Do not skip sector with deleted address mark. 
1: Skip sector with deleted address mark. 


Bit 6 - Modified Frequency Modulation (MFM) 


This bit indicates the type of the disk drive and the data 
transfer rate, and determines the format of the address 
marks and the encoding scheme. 


0: FM mode, i.e., single density. 
1: MFM mode, i.e., double density. 


Bit 7 - Multi-Track (MT) 


This bit controls whether or not the controller continues 
to side 1 of the disk after reaching the last sector of side 
0. 


: Single track. The controller stops at the last sector 
of side 0. 


: Multiple tracks. the controller continues to side 1 af- 
ter reaching the last sector of side 0. 


Second Command Phase Byte 


Bits 1,0 - Logical Drive Select (DS1,0) 


These bits indicate which logical drive is active. See 
“Bits 1,0 - Logical Drive Select (DS1,0)” on page 116. 


00: Drive 0 is selected. (Default) 
01: Drive 1 is selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Head (HD) 
This bit indicates which side of the Floppy Disk Drive 
(FDD) is selected by the head. Its value is the inverse of 
the HDSEL disk interface output signal.See “Bit 2 - 
Head Select (HD)” on page 116. 


0: HDSEL is not active, i.e., the head of the FDD se- 
lects side 0. (Default) 


1: HDSEL is active, i.e., the FDD head selects side 1. 


Bit 7 - Implied Seek (IPS) 


This bit indicates whether or not an implied seek should 
be performed. See also, “Bit 5 - Implied Seek (IPS)” on 
page 119. 


A software reset clears this bit to its default value of 0. 
0: No implied seek operations. (Default) 


1: The controller performs seek and sense interrupt 
operations before executing the command. 


Third Command Phase Byte - Track Number 


The value in this byte specifies the number of the track 
to read. 


Fourth Command Phase Byte - Head Number 
The value in this byte specifies head to use. 


Fifth Command Phase Byte - Sector Number 
The value in this byte specifies the sector to read. 


Sixth Command Phase Byte - Bytes-Per-Sector Code 


This byte contains a code in hexadecimal format that in- 
dicates the number of bytes in a data field. TABLE 5-11 
"Bytes per Sector Codes" on page 116 indicates the 
number of bytes that corresponds to each code. 


Seventh Command Phase Byte - End of Track (EOT) 
Sector Number 


This byte specifies the number of the sector at the End 
Of the Track (EOT). 


Eighth Command Phase Byte - Bytes Between Sectors 
- Gap 3 
The value in this byte specifies how many bytes there 
are between sectors. See “Fifth Command Phase Byte 
- Bytes in Gap 3” on page 117. 
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Ninth Command Phase Byte - Data Length (Obsolete) 
The value in this byte is ignored and must be set to FFh. 


Execution Phase 


In this phase, data read from the disk drive is transferred to 
the system via DMA or non-DMA modes. See Section 5.4.2 
"Execution Phase" on page 104. 


The controller looks for the track number specified in the 
third command phase byte. If implied seeks are enabled, 
the controller also performs all operations of a SENSE IN- 
TERRUPT command and of a SEEK command (without is- 
suing these commands). Then, the controller waits the head 
settle time. See bits 3-0 of the fourth command phase byte 
of the MODE command in “Bits 3-0 - Head Settle Factor” on 
page 120. 


The controller then starts the data separator and waits for 
the data separator to find the address field of the next sec- 
tor. The controller compares the ID information (track num- 
ber, head number, sector number, bytes-per-sector code) in 
that address field with the corresponding information in the 
command phase bytes of the READ DATA command. 


If the contents of the bytes do not match, then the controller 
waits for the data separator to find the address field of the 
next sector. The process is repeated until a match or an 
error occurs. 


Possible errors, the conditions that may have caused them 
and the actions that result are: 


® The microprocessor aborted the command by writing to 
the FIFO. 
If there is no disk in the drive, the controller gets stuck. 
The microprocessor must then write a byte to the FIFO 
to advance the controller to the result phase. 


Two pulses of the INDEX signal were detected since the 
search began, and no valid ID was found. 


If the track address differs, either the Wrong Track bit 
(bit 4) or the Bad Track bit (bit 1) (if the track address is 
FFh) is set in result phase Status register 2 (ST2). See 
Section 5.5.3 "Result Phase Status Register 2 (ST2)" on 
page 108. 


If the head number, sector number or bytes-per-sector 
code did not match, the Missing Data bit (bit 2) is set in 
result phase Status register 1 (ST1). 


If the Address Mark (AM) was not found, the Missing Ad- 
dress Mark bit (bit 0) is set in ST1. 


Section 5.5.2 "Result Phase Status Register 1 (ST1)" on 
page 107 describes the bits of ST1. 


A CRC error was detected in the address field. In this 
case the CRC Error bit (bit 5) is set in ST1. 


Once the address field of the desired sector is found, the 
controller waits for the data separator to find the data field 
for that sector. 


If the data field (normal or deleted) is not found within the 
expected time, the controller terminates the operation, en- 
ters the result phase and sets bit 0 (Missing Address Mark) 
in ST1. 


If a deleted data mark is found, and Skip (SK) control is set 
to 1 in the opcode command phase byte, the controller skips 
this sector and searches for the next sector address field as 
described above. The effect of Skip Control (SK) on the 
READ DATA command is summarized in TABLE 5-17 
"Skip Control Effect on READ DATA Commana". 
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TABLE 5-17. Skip Control Effect on READ DATA 
Command 


Skip Conirol 
Control Dara’ |/Secrer Mark Bit 6 Result 


9 
(sk) | Type | Read?) ot sto 


Normal 


Normal Termination 


No More 


Deleted Sectors Read 


Normal 


Normal Termination 


Deleted Sector Skipped 


After finding the data field, the controller transfers data 
bytes from the disk drive to the host until the bytes-per-sec- 
tor count has been reached, or until the host terminates the 
operation by issuing the Terminal Count (TC) signal, reach- 
ing the end of the track or reporting an overrun. 


See also Section 5.4 "THE PHASES OF FDC COM- 
MANDS" on page 104. 


The controller then generates a Cyclic Redundancy Check 
(CRC) value for the sector and compares the result with the 
CRC value at the end of the data field. 


After reading the sector, the controller reads the next logical 
sector unless one or more of the following termination con- 
ditions occurs: 


® The DMA controller asserted the Terminal Count (TC) 


signal to indicate that the operation terminated. The In- 
terrupt Code (IC) bits (bits 7,6) in STO are set to normal 
termination (00). See “Bits 7,6 - Interrupt Code (IC)” on 
page 107. 


The last sector address (of side 1, if the Multi-Track en- 
able bit (MT) was set to 1) was equal to the End of Track 
sector number. The End of Track bit (bit 7) in ST1 is set. 
The IC bits in STO are set to abnormal termination (01). 
This is the expected condition during non-DMA transfers. 


Overrun error. The Overrun bit (bit 4) in ST1 is set. The 
Interrupt Code (IC) bits (bits 7,6) in STO are set to abnor- 
mal termination (01). If the microprocessor cannot ser- 
vice a transfer request in time, the last correctly read 
byte is transferred. 


CRC error. CRC Error bit (bit 5) in ST1 and CRC Error in 
Data Field bit (bit 5) in ST2, are set. The Interrupt Code (IC) 
bits (bits 7,6) in STO are set to abnormal termination (01). 


If the Multi-Track (MT) bit was set in the opcode command 
byte, and the last sector of side 0 has been transferred, the 
controller continues with side 1. 


Result Phase 


6 5 4 3 2 1 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


Upon terminating the execution phase of the READ DATA 
command, the controller asserts IRQ6, indicating the begin- 
ning of the result phase. The microprocessor must then 
read the result bytes from the FIFO. 

The values that are read back in the result bytes are shown 
in TABLE 5-18 "Result Phase Termination Values with No 
Error" on page 125. If an error occurs, the result bytes indi- 
cate the sector read when the error occurred. 


5.7.11 The READ DELETED DATA Command 


The READ DELETED DATA command reads logical sec- 
tors containing a Address Mark (AM) for deleted data from 
the selected drive and makes the data available to the host 
microprocessor. 


This command is like the READ DATA command, except for the 
setting of the Control Mark bit (bit 6) in ST2 and the skipping of 
sectors. See description of execution phase. See READ DATA 
command for a description of the command bytes. 


Command Phase 


7 6 5 4 3 


MT | MFM| SK 0 1 


X X X X 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 


Data Length (Obsolete) 


Result Phase Status Register 0 (STO) 
Result Phase Status Register 1 (ST1) 


Result Phase Status Register 2 (ST2) 
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Execution Phase 


Data read from disk drive is transferred to the system in 
DMA or non-DMA modes. See Section 5.4.2 "Execution 
Phase" on page 104. 


See TABLE 5-18 "Result Phase Termination Values with 
No Error" for the state of the result bytes when the com- 
mand terminates normally. The effect of Skip Control (SK) 
on the READ DELETED DATA command is summarized in 
TABLE 5-19 "SK Effect on READ DELETED DATA Com- 
mana". 


TABLE 5-18. Result Phase Termination Values with No Error 


ID Information in Result Phase 


Multi-Track 
(MT) 


End of Track (EOT) 
Sector Number 


Track Number 


Byites-per-Sector 


Head Number Sector Number Code 


< EOT' Sector # 


No Change 


No Change | Sector? # + 1 No Change 


= EOT' Sector # 


Track? # +1 


No Change 1 No Change 


< EOT' 


Sector # 


No Change 


No Change No Change 


Sector? #4 1 


= EOT' Sector # 


Track? # +1 


No Change 1 No Change 


< EOT!' Sector # 


= EOT' Sector # 


No Change 


No Change 1 1 


No Change No Change 


Sector? #4 1 


No Change 


< EOT!' Sector # 


No Change 


No Change No Change 


Sector? #4 1 


= EOT' Sector # 


Track? # + 1 0 1 


No Change 


1. End of Track sector number from the command phase. 
2. The number of the sector last operated on by controller. 


3. Track number programmed in the command phase 


TABLE 5-19. SK Effect on READ DELETED DATA 
Command 


Skip 
Control 
(SK) 


Control 
Mark Bit 6 
of ST2 


Sector 
Read? 


Data 


Type Result 


Normal Y 1 No More 


Sectors Read 


Deleted Y Normal 


Termination 


Normal Sector Skipped 


Deleted Normal 


Termination 


Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 
Result Phase Status Register 2 (ST2) 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 
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5.7.12 The READ ID Command 


The READ ID command finds the next available address 
field and returns the ID bytes (track number, head number, 
sector number, bytes-per-sector code) to the microproces- 
sor in the result phase. 


The controller reads the first ID Field header bytes it can 
find and reports these bytes to the system in the result 
bytes. 

Command Phase 


7 6 5 4 3 


0 0 1 


X X xX 


After the last command phase byte is written, the controller 
waits the Delay Before Processing time (see TABLE 5-25 
"Constant Multipliers for Delay Before Processing Factor 
and Delay Ranges" on page 132) for the selected drive. 
During this time, the drive motor must be turned on by en- 
abling the appropriate drive and motor select disk interface 
output signals via the bits of the Digital Output Register 
(DOR). See Section 5.3.3 "Digital Output Register (DOR)" 
on page 97. 


First Command Phase Byte, Opcode 


See “Bit 6 - Modified Frequency Modulation (MFM)” on 
page 116. 


Second Command Phase Byte 


See “Second Command Phase Byte” on page 116 fora 
description of the Drive Select (DS1,0) and Head Select 
(HD) bits. 
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Execution Phase 


There is no data transfer during the execution phase of this 
command. An interrupt is generated when the execution 
phase is completed. 


The READ ID command does not perform an implied seek. 


After waiting the Delay Before Processing time, the control- 
ler starts the data separator and waits for the data separator 
to find the address field of the next sector. If an error condi- 
tion occurs, the Interrupt Code (IC) bits in STO are set to ab- 
normal termination (01), and the controller enters the result 
phase. 


Possible errors are: 


© The microprocessor aborted the command by writing to 
the FIFO. 
If there is no disk in the drive, the controller gets stuck. 
The microprocessor must then write a byte to the FIFO 
to advance the controller to the result phase. 


Two pulses of the INDEX signal were detected since the 
search began, and no Address Mark (AM) was found. 
When the Address Mark (AM) is not found, the Missing 
Address Mark bit (bit 0) is set in ST1. Section 5.5.2 "Re- 
sult Phase Status Register 1 (ST1)" on page 107 de- 
scribes the bits of ST1. 


Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 


Result Phase Status Register 2 (ST2) 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


5.7.13 The READ A TRACK Command 


The READ A TRACK command reads sectors from the se- 
lected drive, in physical order, and makes the data available 
to the host. 


Command Phase 


3 


0 0 


X X 
Track Number 


Head Number 


Sector Number 
Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


The command phase bytes of the READ A TRACK com- 
mand are like those of the READ DATA command, except 
for the MT and SK bits. Multi-track and skip operations are 
not allowed in the READ A TRACK command. Therefore, 
bits 7 and 5 of the opcode command phase byte (MT and 
SK, respectively) must be 0. 


First Command Phase Byte, Opcode 


See “Bit 6 - Modified Frequency Modulation (MFM)” on 
page 116. 


Second Command Phase Byte 


See “Second Command Phase Byte” on page 116 fora 
description of the Drive Select (DS1,0) and Head Select 
(HD) bits. 

See “Bit 5 - Implied Seek (IPS)” on page 119 for a de- 
scription of the Implied Seek (IPS) bit. 


Third through Ninth Command Phase Bytes 


See Section 5.7.10 "The READ DATA Command" on 
page 122. 


Execution Phase 


Data read from the disk drive is transferred to the system in 
DMA or non-DMA modes. See Section 5.4.2 "Execution 
Phase" on page 104. 


Execution of this command is like execution of the READ 
DATA command except for the following differences: 


© The controller waits for a pulse from the INDEX signal 
before it searches for the address field of a sector. 


If the microprocessor writes to the FIFO before the IN- 
DEX pulse is detected, the command enters the result 
phase with the Interrupt Code (IC) bits (bits 7,6) in STO 
set to abnormal termination (01). 


All the ID bytes of the sector address are compared, ex- 
cept the sector number. Instead, the sector number is 
set to 1, and then incremented for each successive sec- 
tor read. 


If no match occurs when the ID bytes of the sector ad- 
dress are compared, the controller sets the Missing 
Data bit (bit 2) in ST1, but continues to read the sector. 
If there is a CRC error in the address field being read, 
the controller sets CRC Error (bit 5) in ST1, but contin- 
ues to read the sector. 


If there is a CRC error in the data field, the controller 
sets the CRC Error bit (bit 5) in ST1 and CRC Error in 
Data Field bit (bit 5) in ST2, but continues reading sec- 
tors. 


The controller reads a maximum of End of Track (EOT) 
physical sectors. There is no support for multi-track 
reads. 

Result Phase 


7 6 5 4 3 2 1 


Bytes Between Sectors - Gap 3 
Data Length (Obsolete) 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 
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Result Phase Status Register 2 (ST2) 


Track Number 


126 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


5.7.14 The RECALIBRATE Command 


The RECALIBRATE command issues pulses that make the 
head of the selected drive step out until it reaches track 0. 


Command Phase 


6 5 4 3 


0 0 0 0 


X X X X 


Second Command Phase Byte 


See “Second Command Phase Byte” on page 116 fora 
description of the Drive Select (DS1,0) and Head Select 
(HD) bits. 


Execution Phase 


After the last command byte is issued, the Drive Busy bit for 
the selected drive is set in the Main Status Register (MSR). 
See bits 3-0 in Section 5.3.5 "Main Status Register (MSR)" 
on page 100. 


The controller waits the Delay Before Processing time (see 
TABLE 5-25 "Constant Multipliers for Delay Before Pro- 


cessing Factor and Delay Ranges" on page 132) for the se- 
lected drive., and then becomes idle. See Section 5.4.4 
"Idle Phase" on page 106. 


Then, the controller issues pulses until the TRKO disk inter- 
face input signal becomes active or until the maximum num- 
ber of RECALIBRATE step pulses have been issued. 


TABLE 5-20 "Maximum RECALIBRATE Step Pulses for 
Values of R255 and ETR" shows the maximum number of 
RECALIIBRATE step pulses that may be issued, depending 
on the RECALIBRATE Step Pulses (R255) bit, bit 0 in the 
second command phase byte of the MODE command 
(page 119), and the Extended Track Range (ETR) bit, bit 4 
of the third command byte of the MODE command (see 
Section 5.7.7 "The MODE Command" on page 119). 


If the number of tracks on the disk drive exceeds the maxi- 
mum number of RECALIBRATE step pulses, it may be nec- 
essary to issue another RECALIBRATE command. 


TABLE 5-20. Maximum RECALIBRATE Step Pulses for 
Values of R255 and ETR 


Maximum Number of 


EIR RECALIBRATE Step Pulses 


85 (default) 
255 
3925 
4095 


The pulses actually occur while the controller is in the drive 
polling phase. See Section 5.4.5 "Drive Polling Phase" on 
page 106. 

An interrupt is generated after the TRKO signal is asserted, 
or after the maximum number of RECALIBRATE step puls- 
es is issued. 


Software should ensure that the RECALIBRATE command 
is issued for only one drive at a time. This is because the 
drives are actually selected via the Digital Output Register 
(DOR), which can only select one drive at a time. 


No command, except a SENSE INTERRUPT command, 
should be issued while a RECALIBRATE command is in 
progress. 

Result Phase 


None. 


5.7.15 The RELATIVE SEEK Command 


The RELATIVE SEEK command issues STEP pulses that 
make the head of the selected drive step in or out a pro- 
grammable number of tracks. 


Command Phase 


Relative Track Number (RTN) 


First Command Phase Byte, Opcode, 
Bit - 6 Step Direction DIR 


This bit defines the step direction. 
0: Step head out. 
1: Step head in. 


Second Command Phase Byte 


See “Second Command Phase Byte” on page 116 fora 
description of the Drive Select (DS1,0) and Head Select 
(HD) bits. 


Third Command Phase Byte - Relative Track Number 
(RTN) 


This value specifies how many tracks the head should 
step in or out from the current track. 


Execution Phase 


After the last command byte is issued, the Drive Busy bit for 
the selected drive is set in the Main Status Register (MSR). 
See bits 3-0 in Section 5.3.5 "Main Status Register (MSR)" 
on page 100. 


The controller waits the Delay Before Processing time (see 
TABLE 5-25 "Constant Multipliers for Delay Before Pro- 
cessing Factor and Delay Ranges" on page 132) for the se- 
lected drive., and then becomes idle. See Section 5.4.4 
"Idle Phase" on page 106. 


Then, the controller enters the idle phase and issues RTN 
STEP pulses until the TRKO disk interface input signal be- 
comes active or until the specified number (RTN) of STEP 
pulses have been issued. After the RELATIVE SEEK oper- 
ation is complete, the controller generates an interrupt. 


www.national.com 


LAS GNVIWWODS 9d4 SHL 


LAS GNVWWODS 9d4 AHL 


Software should ensure that the RELATIVE SEEK com- 
mand is issued for only one drive at a time. This is because 
the drives are actually selected via the Digital Output Reg- 
ister (DOR), which can only select one drive at a time. 


No command, except the SENSE INTERRUPT command, 
should be issued while a RELATIVE SEEK command is in 
progress. 


Result Phase 

None. 

5.7.16 The SCAN EQUAL, the SCAN LOW OR EQUAL 
and the SCAN HIGH OR EQUAL Commands 


The scan commands compare data read from the disk with 
data sent from the microprocessor. This comparison pro- 
duces a match for each scan command, as follows, and as 
shown in TABLE 5-21 "The Effect of Scan Commands on 
the ST2 Register" on page 129: 


SCAN EQUAL - Disk data equals microprocessor da- 
ta. 


SCAN LOW OR EQUAL - Disk data is less than or 
equal to microprocessor data. 


SCAN HIGH OR EQUAL - Disk data is greater than or 
equal to microprocessor data. 


Command Phase 


SCAN EQUAL 
7 6 5 4 3 


SCAN HIGH OR EQUAL 
7 6 5 4 


MT | MFM| SK 1 1 


X X X X 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 


MT | MFM| SK 1 0 


X X X X 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 


Sector Step Size 


SCAN LOW OR EQUAL 
7 6 5 


Sector Step Size 


First through Eighth Command Phase Bytes - 
All Scan Commands 


See READ DATA command for a description of the first 
eight command phase bytes. 


Ninth Command Phase Byie, Sector Step Size 


During execution, the value of this byte is added to the cur- 
rent sector number to determine the next sector to read. 


Execution Phase 


The most significant bytes of each sector are compared 
first. If wildcard mode is enabled in bit 4 of the fourth com- 
mand phase byte in the MODE command ( "Bit 4 - Scan 
Wild Card (WLD)" on page 120), a value of FFh from either 
the disk or the microprocessor always causes a match. 


After each sector is read, if there is no match, the next sector 
is read. The next sector is the current sector number plus the 
Sector Step Size specified in the ninth command phase byte. 


The scan operation continues until the condition is met, the 
End of Track (EOT) is reached or the Terminal Count (TC) 
signal becomes active. 


Read error conditions during scan commands are the same 
as read error conditions during the execution phase of the 
READ DATA command. See Section 5.7.10 "The READ 
DATA Command" on page 122. 


If the Skip Control (SK) bit is set to 1, sectors with deleted 
data marks are ignored. If all sectors read are skipped, the 
command terminates with bit 3 of ST2 set to 1, i.e., disk data 
equals microprocessor data. 


Result Phase 


7 6 5 4 3 2 1 


Track Number 


Result Phase Status Register 0 (STO) 


Head Number 


Result Phase Status Register 1 (ST1) 


Sector Number 


Result Phase Status Register 2 (ST2) 


Bytes-Per-Sector Code 


Track Number 


End of Track (EOT) Sector Number 
Bytes Between Sectors - Gap 3 


Head Number 


Sector Number 


Sector Step Size 


Bytes-Per-Sector Code 
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TABLE 5-21 "The Effect of Scan Commands on the ST2 
Register" shows how all the scan commands affect bits 3,2 
of the Status 2 (ST2) result phase register. See Section 
5.5.3 "Result Phase Status Register 2 (ST2)" on page 108. 


TABLE 5-21. The Effect of Scan Commands on the ST2 
Register 


Result Phase Status 
Register 2 (ST2) 


Command Condition 
Bit 3 - Scan| Bit 2 - Scan 


Satisfied | Not Satisfied 


SCAN 
EQUAL 


SCAN LOW 
OR EQUAL 


Disk = uP 
Disk # uP 


Disk = uP 
Disk < uP 
Disk > uP 


Disk = uP 
Disk > uP 
Disk < uP 


SCAN HIGH 
OR EQUAL 


5.7.17 The SEEK Command 


The SEEK command issues pulses of the STEP signal to 
the selected drive, to move it in or out until the desired track 
number is reached. 


Software should ensure that the SEEK command is issued 
for only one drive at a time. This is because the drives are 
actually selected via the Digital Output Register (DOR), 
which can only select one drive at atime. See Section 5.3.3 


"Digital Output Register (DOR)" on page 97. 


No command, except a SENSE INTERRUPT command, 
should be issued while a SEEK command is in progress. 


Command Phase 


6 5 4 3 


0 0 0 1 
X X X 


Number of Track to 


MSN of Track # to Seek 


When bit 2 of the second command phase byte (ETR) in the 
MODE command is set to 1, the track number is stored as 
a 12-bit value. See “Bit 0 - Extended Track Range (ETR)” 
on page 119. 


In this case, a fourth command byte should be written in the 
command phase to hold the Most Significant Nibble (MSN), 
i.e., the four most significant bits, of the number of the track 
to seek. Otherwise (ETR bit in MODE is 0), this command 
phase byte is not required. and, only three command bytes 
should be written. 


After the last command byte is issued, the Drive Busy bit for 
the selected drive is set in the Main Status Register (MSR). 
See bits 3-0 in Section 5.3.5 "Main Status Register (MSR)" 
on page 100. 


The controller waits the Delay Before Processing time (see 
TABLE 5-25 "Constant Multipliers for Delay Before Pro- 
cessing Factor and Delay Ranges" on page 132) for the se- 


lected drive, before issuing the first STEP pulse. After 
waiting the Delay Before Processing time, the controller be- 
comes idle. See Section 5.4.4 "Idle Phase" on page 106. 


Second Command Phase Byte 
See READ DATA command for a description of these bits. 


Third Command Phase Byte, Number of Track to Seek 
The value in this byte is the number of the track to seek. 


Fourth Command Phase Byte, 

Bits 7-4 - MSN of Track Number 
If the track number is stored as a 12-bit value, these bits 
contain the Most Significant Nibble (MSN), i.e., the four 
most significant bits, of the number of the track to seek. 


Otherwise (the ETR bit in the MODE command is 0), this 
command phase byte is not required. 


Execution Phase 


During the execution phase of the SEEK command, the 
track number to seek to is compared with the present track 
number. The controller determines how many STEP pulses 
to issue and the DIR disk interface output signal indicates 
which direction the head should move. 

The SEEK command issues step pulses while the controller 
is in the drive polling phase. The step pulse rate is deter- 
mined by the value programmed in the second command 
phase byte of the SPECIFY command. 

An interrupt is generated one step pulse period after the last 
step pulse is issued. A SENSE INTERRUPT command 
should be issued to determine the cause of the interrupt. 


Result Phase 


None. 


5.7.18 The SENSE DRIVE STATUS Command 


The SENSE DRIVE STATUS command indicates which 
drive and which head are selected, whether or not the head 
is at track O and whether or not the track is write protected 
in result phase Status register 3 (ST3). See Section 5.5.4 
"Result Phase Status Register 3 (ST3)" on page 109. This 
command does not generate an interrupt. 


Command Phase 


See READ DATA command for a description of these bits. 


Execution Phase 


Disk drive status information is detected and reported. 
Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 3 (ST3) 
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See Section 5.5.4 "Result Phase Status Register 3 (ST3)" 
on page 109. 
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5.7.19 The SENSE INTERRUPT Command 


The SENSE INTERRUPT command returns the cause of 
an interrupt that is caused by the change in status of any 
disk drive. 


If a SENSE INTERRUPT command is issued when no inter- 
rupt is pending it is treated as an invalid command. 


When to Issue SENSE INTERRUPT 


The SENSE INTERRUPT command is issued to detect ei- 
ther of the following causes of an interrupt: 


© The FDC became ready during the drive polling phase 
for an internally selected drive. See Section 5.4.5 "Drive 
Polling Phase" on page 106. This can occur only after a 
hardware or software reset. 


® A SEEK, RELATIVE SEEK or RECALIBRATE com- 
mand terminated. 


Interrupts caused by these conditions are cleared after the 
first result byte has been read. Use the Interrupt Code (IC) 
(bits 7,6) and SEEK End bits (bit 5) of result phase Status 
register 0 (STO) to identify the cause of these interrupts. See 
“Bit 5 - SEEK End” on page 107 and TABLE 5-22 "Interrupt 
Causes Reported by SENSE INTERRUPT" on page 130. 


TABLE 5-22. Interrupt Causes Reported by SENSE 
INTERRUPT 


Bits of 


STO Interrupt Cause 


6 


1 FDC became ready during drive polling mode. 


SEEK, RELATIVE SEEK or RECALIBRATE 
not completed. 


SEEK, RELATIVE SEEK or RECALIBRATE 
terminated normally. 


SEEK, RELATIVE SEEK or RELCALIBRATE 
terminated abnormally. 


When SENSE INTERRUPT is not Necessary 


Interrupts that occur during most command operations do 
not need to be identified by the SENSE INTERRUPT. The 
microprocessor can identify them by checking the Request 
for Master (RQM) bit (bit 7) of the Main Status Register 
(MSR). See page “Bit 7 - Request for Master (RQM)” on 
page 101. 


It is not necessary to issue a SENSE INTERRUPT com- 
mand to detect the following causes of Interrupts: 


© The result phase of any of the following commands 
started: 


— READ DATA, READ DELETED DATA, READ A 
TRACK, READ ID 


WRITE DATA, WRITE DELETED 
FORMAT TRACK 


SCAN EQUAL, SCAN EQUAL OR LOW, SCAN 
EQUAL OR HIGH 


VERIFY 
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® Data is being transferred in non-DMA mode, during the 
execution phase of some command. 


Interrupts caused by these conditions are cleared automat- 
ically, or by reading or writing information from or to the 
Data Register (FIFO). 

Command Phase 


7 6 5 


0 0 0 


Execution Phase 


Status of interrupt is reported. 
Result Phase. 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 
Byte of Present Track Number (PTR) 


MSN of PTR 


When bit 2 of the second command phase byte (ETR) in the 
MODE command is set to 1, the track number is stored as 
a 12-bit value. See “Bit 0 - Extended Track Range (ETR)” 
on page 119. 


In this case, a third result byte should be read to hold the 
Most Significant Nibble (MSN), i.e., the four most significant 
bits, of the number of the current track. 


Otherwise (ETR bit in MODE is 0), this command phase 
byte is not required. and, only two result phase bytes should 
be readFirst Command Phase Byte, 
Result Phase Status Register 0 


See Section 5.5.1 "Result Phase Status Register 0 
(STO)" on page 107. 


Second Command Phase Byte, 
Present Track Number (PTR) 


The value in this byte is the number of the current track. 


Fourth Command Phase Byte, 

Bits 7-4 - MSN of Track Number 
If the track number is stored as a 12-bit value, these bits 
contain the Most Significant Nibble (MSN), i.e., the four 
most significant bits, of the number of the track to seek. 
Otherwise (the ETR bit in the MODE command is 0), this 
result phase byte is not required. 
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5.7.20 The SET TRACK Command 
This command is used to verify (read) or change (write) the 
number of the present track. 


This command could be useful for recovery from disk track- 
ing errors, where the true track number could be read from 
the disk using the READ ID command, and used as input to 
the SET TRACK command to correct the Present Track 
number (PTR) stored internally. 


Terminating this command does not generate an interrupt 


Command Phase 


Byte of Present Track Number (PTR) 


When bit 2 of the second command phase byte (ETR) in the 
MODE command is set to 1, the track number is stored as 
a 12-bit value. See “Bit 0 - Extended Track Range (ETR)” 
on page 119. 


In this case, issue SET TRACK twice - once for the Most 
Significant Byte (MSB) of the number of the current track 
and once for the Least Significant Byte (LSB). 


Otherwise (ETR bit in MODE is 0), issue SET TRACK only 
once, with bit 2 (MSB) of the second command phase byte 
set to 0. 


First Command Phase Byte, Bit 6 - Write Track Number 
(WNR) 


0: Read the existing track number. 


The result phase byte already contains the track 
number, and the third byte in the command phase 
is a dummy byte. 


: Change the track number by writing a new value to 
the result phase byte. 


Second Command Phase Byte 


Bits 1,0 - Logical Drive Select (DS1,0) 


These bits indicate which logical drive is active. See 
“Bits 1,0 - Logical Drive Select (DS1,0)” on page 116. 


00: Drive 0 is selected. 
01: Drive 1 is selected. 


10: If four drives are supported, or drives 2 and 0 are 
exchanged, drive 2 is selected. 


11: If four drives are supported, drive 3 is selected. 


Bit 2 - Most Significant Byte (MSB) 


This bit, together with bits 1,0, determines the byte to 
read or write. See TABLE 5-23 "Defining Bytes to Read 
or Write Using SET TRACK". 


0: Least significant byte of the track number. 
1: Most significant byte of the track number. 
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TABLE 5-23. Defining Bytes to Read or Write Using 
SET TRACK 


DSO 


Byte to Read or Write 


0 
0 
0 


Drive 2 (MSB) 
Drive 3 (LSB) 
Drive 3 (MSB) 


Execution Phase 


Internal register is read or written. 
Result Phase 


7 6 5 4 3 2 1 


Byte of Present Track Number(PTR) 


This byte is one byte of the track number that was read or 
written, depending on the value of WNR in the first com- 
mand byte. 


5.7.21. The SPECIFY Command 


The SPECIFY command sets initial values for the following 
time periods: 


© The delay before command processing starts, formerly 
called Motor On Time (MNT) 


The delay after command processing terminates, for- 
merly called Motor Off Time (MFT) 


© The interval step rate time. 


The FDC uses the Digital Output Register (DOR) to enable 
the drive and motor select signals. See Section 5.3.3 "Dig- 
ital Output Register (DOR)" on page 97. 


The delays may be used to support the uPD765, i.e., to in- 
sert delays from selection of a drive motor until a read or 
write operation starts, and from termination of a command 
until the drive motor is no longer selected, respectively. 
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The parameters used by this command are undefined after 
power up, and are unaffected by any reset. Therefore, soft- 
ware should always issue a SPECIFY command as part of 
an initialization routine to initialize these parameters. 


Terminating this command does not generate an interrupt. 
Command Phase. 


7 6 5 4 3 2 1 0 


0 0 0 0 0 0 1 1 
Step Rate Time (SRT) 


Delay After Processing 


Delay Before Processing DMA 


Second Command Phase Byte 


Bits 3-0 - Delay After Processing Factor 


These bits specify a factor that is multiplied by a con- 
stant to determine the delay after command processing 
ends, i.e., from termination of a command until the drive 
motor is no longer selected. 


The value of the Motor Timer Values (TMR) bit (bit 7) of 
the second command phase byte in the MODE com- 
mand determines which group of constants and delay 
ranges to use. See “Bit 7 - Motor Timer Values (TMR)” 
on page 119. 


The specific constant that will be multiplied by this factor 
to determine the actual delay after processing for each 
data transfer rate is shown in TABLE 5-24 "Constant 
Multipliers for Delay After Processing Factor and Delay 
Ranges" on page 132. 


Use the smallest possible value for this factor, except 0, 
i.e., 1. If this factor is 0, the value16 is used. 


Bits 7-4 - STEP Time Interval Value (SRT) 


These bits specify a value that is used to calculate the 
time interval between successive STEP signal pulses 
during a SEEK, IMPLIED SEEK, RECALIBRATE, or 
RELATIVE SEEK command. 


TABLE 5-26 "STEP Time Interval Calculation" on page 
132 shows how this value is used to calculate the actual 
time interval. 


TABLE 5-24. Constant Multipliers for Delay After Processing Factor and Delay Ranges 


aiacupanieiee Bit 7 of MODE (TMR) = 0 


Bit 7 of MODE (TMR) = 1 


Rate (bps) Constant Multiplier 


Permitted Range (msec) 


Constant Multiplier | Permitted Range (msec) 


1M 8 


8 -128 


512 512 - 8192 


500 K 


16 - 256 


512 512 - 8192 


300 K 


26.7 - 427 


2560 /3 853 - 13653 


250 K 


32 - 512 


1024 1024 -16384 


TABLE 5-25. Constant Multipliers for Delay Before Processing Factor and Delay Ranges 


Eee nee a Bit 7 of MODE (TMR) = 0 


Bit 7 of MODE (TMR) = 1 


Rate (bps) Constant Multiplier 


Permitted Range (msec) 


Constant Multiplier | Permitted Range (msec) 


1M 
500 K 


1 -128 
1 -128 


32 
32 


32 - 4096 
32 - 4096 


300 K 


3.3 - 427 


53 - 6827 


250 K 


4-512 


64 64 - 8192 


TABLE 5-26. STEP Time Interval Calculation 


Permitted 
Range (msec) 


Calculation of Time 
Interval 


Data Transfer 
Rate (bps) 


1M (16 — SRT) /2 0.5-8 


500 K (16 — SRT) 1016 


300 K (16 — SRT) x 1.67 1.67 - 26.7 


250 K (16 — SRT) x 2 2 - 32 
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Third Command Phase Byte 


Bit 0 - DMA 
This bit selects the data transfer mode in the execution 
phase of a read, write, or scan operation. 


Data can be transferred between the microprocessor 
and the controller during execution in DMA mode or in 
non-DMA mode, i.e., interrupt transfer mode or software 
polling mode. 

See Section 5.4.2 "Execution Phase" on page 104 fora 
description of these modes. 


0: DMA mode is selected. 
1: Non-DMA mode is selected. 


Bits 3-0 - Delay Before Processing Factor 


These bits specify a factor that is multiplied by a con- 
stant to determine the delay before command process- 
ing starts, i.e., from selection of a drive motor until a 
read or write operation starts. 


The value of the Motor Timer Values (TMR) bit (bit 7) of 
the second command phase byte in the MODE com- 
mand determines which group of constants and delay 
ranges to use. See “Bit 7 - Motor Timer Values (TMR)” 
on page 119. 


The specific constant that will be multiplied by this factor 
to determine the actual delay before processing for 
each data transfer rate shown in TABLE 5-25 "Constant 
Multipliers for Delay Before Processing Factor and De- 
lay Ranges". 

Use the smallest possible value for this factor, except 0, 
i.e., 1. If this factor is 0, the value128 is used. 


Execution Phase 


Internal registers are written. 


Result Phase 


None. 


5.7.22 The VERIFY Command 


The VERIFY command verifies the contents of data and/or 
address fields after they have been formatted or written. 


VERIFY reads logical sectors containing a normal data Ad- 
dress Mark (AM) from the selected drive, without transfer- 
ring the data to the host. 


The TC signal cannot terminate this command since no 
data is transferred. Instead, VERIFY simulates a TC signal 
by setting the Enable Count (EC) bit to1. In this case, VER- 
IFY terminates when the number of sectors read equals the 
number of sectors to read, i.e., Sectors to read Count (SC). 
If SC = 0 then 256 sectors will be verified. 


When EC is 0, VERIFY ends when the End of the Track 
(EOT) sector number equals the number of the sector 
checked. In this case, the ninth command phase byte is not 
needed and should be set to FFh. 


TABLE 5-27 "VERIFY Command Termination Conditions" 
on page 134 shows how different values for the VERIFY pa- 
rameters affect termination. 


Command Phase 


7 6 5 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 
Sectors to read Count (SC) 
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First Command Phase Byte 


See Section 5.7.10 "The READ DATA Command" on 
page 122 for a description of these bits. 


Second Command Phase Byte 


Bits 2-0 - Drive Select (DS1,0) and Head (HD) Select 


See the description of the Drive Select bits (DS1,0) and 
the Head (HD) in Section 5.7.10 "The READ DATA 
Command" on page 122. 


Bit 7 - Enable Count Control (EC) 

This bit controls whether the End of Track sector num- 

ber or the Sectors to read Count (SC) triggers termina- 

tion of the VERIFY command. 

See also TABLE 5-27 "VERIFY Command Termination 

Conditions". 

0: Terminate VERIFY when the number of last sector 
read equals the End of Track (EOT) sector number. 
The ninth command phase byte (Sectors to read 
Count, SC), is not needed and should be set to FFh. 

: Terminate VERIFY when number of sectors read 
equals the number of sectors to read, i.e., Sectors 
to read Count (SC). 


Third through Eighth Command Phase Bytes 


See Section 5.7.10 "The READ DATA Command" on 
page 122. 


Always set the End of Track (EOT) sector number to the 
number of the last sector to be checked on each side of 
the disk. If EOT is greater than the number of sectors 
per side, the command terminates with an error and no 
useful Address Mark (AM) or CRC data is returned. 


Ninth Command Phase Byte, Sectors to Read Count (SC) 


This byte specifies the number of sectors to read. If the 
Enable Count (EC) control bit (bit 7) of the second com- 
mand byte is 0, this byte is not needed and should be 
set to the value FFh. 
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Execution Phase 


Data is read from the disk, as the controller checks for valid 
address marks in the address and data fields. 

This command is identical to the READ DATA command, 
except that it does not transfer data during the execution 
phase. See Section 5.7.10 "The READ DATA Command" 
on page 122. 

If the Multi-Track (MT) parameter is 1 and SC is greater 
than the number of remaining formatted sectors on side 0, 
verification continues on side 1 of the disk. 


Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 


Result Phase Status Register 2 (ST2) 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


TABLE 5-27 "VERIFY Command Termination Conditions" 
shows how different conditions affect the termination status. 


TABLE 5-27. VERIFY Command Termination 
Conditions 


Termination 
Status 


Sector Count (SC) or 
End of Track (EOT) Value 


SC should be FFh No Errors 


EOT < Sectors per Side! 


Abnormal 
Termination 


SC should be FFh 
EOT > Sectors per Side 


SC < Sectors per Side No Errors 
and 


SC < EOT 


Abnormal 
Termination 


SC > Sectors Remaining? 
or 
SC > EOT 


SC should be FFh No Errors 


EOT < Sectors per Side 


Abnormal 
Termination 


SC should be FFh 
EOT > Sectors per Side 


SC < Sectors per Side No Errors 
and 


SC < EOT 


SC < (EOT x 2) 
and 
EOT < Sectors per Side 


SC > (EOT x 2) 


No Errors 


Abnormal 
Termination 


1. Number of formatted sectors per side of the disk. 
2. Number of formatted sectors left which can be read, 
including side 1 of the disk, if MT is 1. 
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5.7.23 The VERSION Command 

The VERSION command returns the version number of the 
current Floppy Disk Controller (FDC). 

Command Phase 


Execution Phase 


None. 


Result Phase 


The result phase byte returns a value of 90h for an FDC that 
is compatible with the 82077. 


Other controllers, i.e., the DP8473 and other NEC765 com- 
patible controllers, return a value of 80h (invalid command). 


5.7.24 The WRITE DATA Command 


The WRITE DATA command receives data from the host 
and writes logical sectors containing a normal data Address 
Mark (AM) to the selected drive. 


This command is like the READ DATA command, except 
that the data is transferred from the microprocessor to the 
controller instead of the other way around. 


Command Phase 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 
Data Length (Obsolete) 
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See Section 5.7.10 "The READ DATA Command" on page 
122 for a description of these bytes. 


The controller waits the Delay Before Processing time be- 
fore starting execution. 


If implied seeks are enabled, i.e., IPS in the second com- 
mand phase byte is 1, the operations performed by SEEK 
and SENSE INTERRUPT commands are performed (with- 
out these commands being issued). 


Execution Phase 


Data is transferred from the system to the controller via 
DMA or non-DMA modes and written to the disk.See Sec- 
tion 5.4.2 "Execution Phase" on page 104 for a description 
of these data transfer modes. 


The controller starts the data separator and waits for it to 
find the address field of the next sector. The controller com- 
pares the address ID (track number, head number, sector 
number, bytes-per-sector code) with the ID specified in the 
command phase. 


If there is no match, the controller waits to find the next sec- 
tor address field. This process continues until the desired 
sector is found. If an error condition occurs, the Interrupt 
Control (IC) bits (bits 7,6) in STO are set to abnormal termi- 
nation, and the controller enters the result phase. See “Bits 
7,6 - Interrupt Code (IC)” on page 107. 


Possible errors are: 


® The microprocessor aborted the command by writing to 
the FIFO. 


If there is no disk in the drive, the controller gets stuck. 
The microprocessor must then write a byte to the FIFO 
to advance the controller to the result phase. 


Two pulses of the INDEX signal were detected since the 
search began, and no valid ID was found. 


If the track address differs, either the Wrong Track bit 
(bit 4) or the Bad Track bit (bit 1) (if the track address is 
FFh is set in result phase Status register 2 (ST2). See 
Section 5.5.3 "Result Phase Status Register 2 (ST2)" on 
page 108. 


If the head number, sector number or bytes-per-sector 
code did not match, the Missing Data bit (bit 2) is set in 
result phase Status register 1 (ST1). 


If the Address Mark (AM) is not found, the Missing Ad- 
dress Mark bit (bit 0) is set in ST1. 


Section 5.5.2 "Result Phase Status Register 1 (ST1)" on 
page 107 describes the bits of ST1. 


A CRC error was detected in the address field. In this 
case the CRC Error bit (bit 5) is set in ST1. 


The controller detected an active the Write Protect (WP) 


disk interface input signal, and set bit 1 of ST1 to 1. 


If the correct address field is found, the controller waits for 
all (conventional drive mode) or part (perpendicular drive 
mode) of gap 2 to pass. See FIGURE 5-19 "IBM, Perpen- 
dicular, and ISO Formats Supported by the FORMAT 
TRACK Command" on page 118. The controller then writes 
the preamble field, Address Marks (AM) and data bytes to 
the data field. The microprocessor transfers the data bytes 
to the controller. 


After writing the sector, the controller reads the next logical 
sector, unless one or more of the following termination con- 
ditions occurs: 


® The DMA controller asserted the Terminal Count (TC) 
signal to indicate that the operation terminated. The In- 
terrupt Code (IC) bits (bits 7,6) in STO are set to normal 
termination (00). See “Bits 7,6 - Interrupt Code (IC)” on 
page 107. 


The last sector address (of side 1, if the Multi-Track en- 
able bit (MT) was set to 1) was equal to the End of Track 
sector number. The End of Track bit (bit 7) in ST1 is set. 
The IC bits in STO are set to abnormal termination (01). 
This is the expected condition during non-DMA trans- 
fers. 


Overrun error. The Overrun bit (bit 4) in ST1 is set. The 
Interrupt Code (IC) bits (bits 7,6) in STO are set to abnor- 
mal termination (01). If the microprocessor cannot ser- 
vice a transfer request in time, the last correctly written 
byte is written to the disk. 


If the Multi-Track (MT) bit was set in the opcode command 
byte, and the last sector of side 0 has been transferred, the 
controller continues with side 1. 


Result Phase 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 
Result Phase Status Register 2 (ST2) 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


Upon terminating the execution phase of the WRITE DATA 
command, the controller asserts IRQ6, indicating the begin- 
ning of the result phase. The microprocessor must then 
read the result bytes from the FIFO. 


The values that are read back in the result bytes are shown 
in TABLE 5-18 "Result Phase Termination Values with No 
Error" on page 125. If an error occurs, the result bytes indi- 
cate the sector read when the error occurred. 


5.7.25 The WRITE DELETED DATA Command 


The WRITE DELETED DATA command receives data from 
the host and writes logical sectors containing a deleted data 
Address Mark (AM) to the selected drive. 


This command is identical to the WRITE DATA command, 
except that a deleted data AM, instead of anormal data AM, 
is written to the data field. 

Command Phase 


5 4 3 


0 1 


X X 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


End of Track (EOT) Sector Number 


Bytes Between Sectors - Gap 3 
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Data Length (Obsolete) 


See Section 5.7.10 "The READ DATA Command" on page 
122 and Section 5.7.24 "The WRITE DATA Command" on 
page 134 for a description of these bytes. 


Execution Phase 


Data is transferred from the system to the controller in DMA 
or non-DMA modes, and written to the disk. See Section 
5.4.2 "Execution Phase" on page 104 for a description of 
these data transfer modes. 
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Result Phase. 


7 6 5 4 3 2 1 


Result Phase Status Register 0 (STO) 


Result Phase Status Register 1 (ST1) 
Result Phase Status Register 2 (ST2) 


Track Number 


Head Number 


Sector Number 


Bytes-Per-Sector Code 


74LS139 


DRO 
DR1 


PC87317 


MTRO 


Upon terminating the execution phase of the WRITE DATA 
command, the controller asserts IRQ6, indicating the begin- 
ning of the result phase. The microprocessor must then 
read the result bytes from the FIFO. 


The values that are read back in the result bytes are shown 
in TABLE 5-18 "Result Phase Termination Values with No 
Error" on page 125. If an error occurs, the result bytes indi- 
cate the sector read when the error occurred. 


5.8 EXAMPLE OF A FOUR-DRIVE CIRCUIT 


Figure 5-20 shows one implementation of a four-drive cir- 
cuit. Refer to TABLE 5-2 "Drive and Motor Pin Encoding for 
Four Drive Configurations and Drive Exchange Support" on 
page 98 to see how to encode the drive and motor bits for 
this configuration. 


7407 (2) 


> Decoded Signal for Drive 0 


[> Decoded Signal for Drive 1 


Decoded Signal for Drive 2 


Decoded Signal for Drive 3 


Decoded Signal for Motor 0 


Decoded Signal for Motor 1 


> Decoded Signal for Motor 2 


Decoded Signal for Motor 3 


Hex Buffers 
ICC = 40 mA 
Open Collector 


FIGURE 5-20. Four Floppy Disk Drive Circuit 
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Parallel Port (Logical Device 4 


6.0 Parallel Port (Logical Device 4) 


The parallel port is a communications device that transfers 
parallel data between the system and an external device. 
Originally designed to output data to an external printer, the 
use of this port has grown to include bidirectional communi- 
cations, increased data rates and additional applications 
(such as network adaptors). 


6.1 PARALLEL PORT CONFIGURATION 


The PC87317VUL parallel port device offers a wide range 
of operational configurations. It utilizes the most advanced 
protocols in current use, while maintaining full backward 
compatability to support existing hardware and software. It 
supports two Standard Parallel Port (SPP) modes of opera- 
tion for parallel printer ports (as found in the IBM PC-AT, 
PS/2 and Centronics systems), two Enhanced Parallel Port 
(EPP) modes of operation, and one Extended Capabilities 
Port (ECP) mode. This versatility is achieved by user soft- 
ware control of the mode in which the device functions. 


The IEEE 1284 standard establishes a widely accepted 
handshake and transfer protocol that ensures transfer data 
integrity. This parallel interface fully supports the IEEE 1284 
standard of parallel communications, in both Legacy and 
Plug and Play configurations, in all modes except the EPP 
revision 1.7 mode described in the next section. 


6.1.1. Parallel Port Operation Modes 


The PC87317VUL parallel port supports Standard Parallel 
Port (SPP), Enhanced Parallel Port (EPP) and Extended 
Capabilities Port (ECP) configurations. 


® |n Standard Parallel Port (SPP) configuration, data rates 
of several hundred bytes per second are achieved. This 
configuration supports the following operation modes: 


— In SPP Compatible mode the port is write-only (for 
data). Data transfers are software-controlled and are 
accompanied by status and control handshake sig- 
nals. 


PP FIFO mode enhances SPP Compatible mode by 
the addition of an output data FIFO, and operation 
as a state-machine operation instead of software- 
controlled operation. 


In SPP Extended mode, the parallel port becomes a 
read/write port, that can transfer a full data byte in ei- 
ther direction. 


The Enhanced Parallel Port (EPP) configuration sup- 
ports two modes that offer higher bi-directional through- 
put and more efficient hardware-based handling. 


— EPP revision 1.7 mode lacks a comprehensive 
handshaking scheme to ensure data transfer integ- 
rity between communicating devices with dissimilar 
data rates. This is the only mode that does not meet 
the requirements of the IEEE 1284 standard hand- 
shake and transfer protocol. 


EPP revision 1.9 mode offers data transfer enhance- 
ment, while meeting the IEEE 1284 standard. 


The Extended Capabilities Port (ECP) configuration ex- 
tends the port capabilities beyond EPP modes by ada- 
ing a_ bi-directional 16-level FIFO with threshold 
interrupts, for PIO and DMA data transfer, including de- 
mand DMA operation. In this mode, the device becomes 
a hardware state-machine with highly efficient data 
transfer control by hardware in real-time. 
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The PC87317VUL enters the ECP mode by default after 
reset. 


The ECP configuration supports several modes that are 
determined by bits 7-5 of the ECP Extended Control 
Register (ECR) at offset 402h. Section 6.6 "DETAILED 
ECP MODE DESCRIPTIONS" on page 154 describes 
these modes in detail. The ECR register is described in 
Section 6.5.12 "Extended Control Register (ECR)" on 
page 150. 


6.1.2 


The operation mode of the parallel port is determined by 
configuration bits that are controlled by software. If ECP 
mode is set upon initial system configuration, the operation 
mode may also be changed during run-time. 


Configuring Operation Modes 


® Configuration at System Initialization (Static) - The 
parallel port operation mode is determined at initial sys- 
tem configuration by bits 7-4 of the Superl/O Parallel 
Port Configuration register at index FOh of logical device 
4. See Section 2.7.1 on page 41 


Configuration at System Initialization with Run- 
Time Reconfiguration (Dynamic) - The parallel port 
operation mode is initially ECP, but may be changed by 
additional mode selection bits if bit 4 of the Superl/O 
Parallel Port Configuration register at index FOh of logi- 
cal device 4 is 1, and bits 7-5 of the same register are 
110 or 111. 

In this case, the operation mode is determined by bits 7- 
5 of the parallel port Extended Control register (ECR) at 
parallel port base address + 402h and by bits 7 and 4 of 
the Control2 register at second level offset 2. These reg- 
isters are accessed via the internal ECP Mode Index 
and Data registers at parallel port base address + 403 
and parallel port base address + 404h, respectively. 


TABLE 6-1 "Parallel Port Mode Selection" on page 138 
shows how to configure the parallel port for the different op- 
eration modes. 


TABLE 2-4 "Parallel Port Address Range Allocation" on 
page 29 shows how to allocate a range for the base address 
of the parallel port for each mode. Parallel port address de- 
coding is described in Section 2.2.2 "Address Decoding" on 
page 28. 


The parallel port supports Plug and Play operation. Its inter- 
rupt can be routed on one of the following ISA interrupts: 
IRQ1 to IRQ15 except for IRQ 2 and 13. Its DMA signals 
can be routed to one of three 8-bit ISA DMA channels. See 
Section 6.5.19 "PP ConfgO Register" on page 153. 


The parallel port device is activated by setting bit 4 of the 
system Function Enable Register 1 (FER1) to 1. See Sec- 
tion 10.2.3 "Function Enable Register 1 (FER1)" on page 
219. 


6.1.3 


The parallel port output pins are protected against potential 
damage from connecting an unpowered port to a powered- 
up printer. 


Output Pin Protection 


6.2 STANDARD PARALLEL PORT (SPP) MODES 


Compatible SPP mode is a data write-only mode that out- 
puts data to a parallel printer, using handshake bits, under 
software control. 
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In SPP Extended mode, parallel data transfer is bi-direc- 
tional. TABLE 6-12 "Parallel Port Pinout" on page 160 lists 
the output signals for the standard 25-pin, D-type connec- 
tor. 


TABLE 6-2 "Parallel Port Reset States" on page 138 lists 
the reset states for handshake output pins in this mode. 


TABLE 6-1. Parallel Port Mode Selection 


Configuration 


Time Operation Mode 


Superl/O Parallel Port | Extended Control Register 
Configuration Register| (ECR) of the Parallel Port 
(Offset 402h) 2 


(Index FOh)! 


Control2 Register 
of the Parallel Port 
(Offset 02h) 3 


SPP Compatible 


Configuration at 


System Initial- SPP Extended 


ization 
(Static) 


EPP Revision 1.7 
EPP Revision 1.9 


SPP Compatible 
PP FIFO 
SPP Extended 


Configuration at 
System Initial- 


ization with 
Run-Time Re- 
configuration 

(Dynamic) 


EPP Revision 1.7 
EPP Revision 1.9 


ECP (Default) 


1. Section 2.7.1 "Superl/O Parallel Port Configuration Register" on page 41 describes the bits of the Superl/O Par- 


allel Port configuration register. 


2. See Section 6.5.12 "Extended Control Register (ECR)" on page 150 
3. Before modifying this bit, set bit 4 of the Superl/O Parallel Port configuration register at index FOh to 1. 
4. Use bit 7 of the Control2 register at second level offset 2 of the parallel port to further specify compatibility. See 


Section 6.5.17 "Control2 Register" on page 152. 


TABLE 6-2. Parallel Port Reset States 


Signal Reset Control State After Reset 


TABLE 6-3. Standard Parallel Port (SPP) Registers 


Offset Name Description 


SLIN 
INIT 
AFD 


MR 
MR 
MR 
MR 
MR 


TRI-STATE 


Zero 
TRI-STATE 
TRI-STATE 
TRI-STATE 


IRQ5,7 


6.2.1. SPP Modes Register Set 


In all Standard Parallel Port (SPP) modes, port operation is 
controlled by the registers listed in TABLE 6-3 "Standard 
Parallel Port (SPP) Registers". 


All register bit assignments are compatible with the assign- 
ments in existing SPP devices. 


A single Data Register DTR is used for data input and out- 
put (see Section 6.2.2 "SPP Data Register (DTR)"). The di- 
rection of data flow is determined by the system setting in 
bit 5 of the Control Register CTR. 
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00h DTR 
Oth STR 
02h CTR 


03h - 


Data 


Status 


Control 


TRI-STATE 


6.2.2 SPP Data Register (DTR) 


This bidirectional data port transfers 8-bit data in the direc- 
tion determined by bit 5 of SPP register CTR at offset 02h 
and mode. 

The read or write operation is activated by the system RD 
and WR strobes. 

TABLE 6-4 "SPP DTR Register Read and Write Modes" 
tabulates DTR register operation. 


Parallel Port (Logical Device 4 


TABLE 6-4. SPP DTR Register Read and Write Modes 


Bit 5 of | ~~ 
Mode CTR R 


Result 


x Data written to PD7-0. 
SPP Com- 


patible 


Data read from the out- 
put latch 


Data written to PD7-0. 


Data written is latched 


SPP Ex- 


tended Data read from output 


latch. 
Data read from PD7-0. 


In SPP Compatible mode, the parallel port does not write 
data to the output signals. Bit 5 of the CTR register has no 
effect in this state. If data is written (WR goes low), the data 
is sent to the output signals PD7-0. If a read cycle is initiated 
(RD goes low), the system reads the contents of the output 
latch, and not data from the PD7-0 output signals. 


In SPP Extended mode, the parallel port can read and write 
external data via PD7-0. In this mode, bit 5 sets the direction 
for data in or data out, while read or write cycles are possi- 
ble in both settings of bit 5. 


If bit 5 of CTR is cleared to 0, data is written to the output 
signals PD7-0 when a write cycle occurs. (if a read cycle oc- 
curs in this setting, the system reads the output latch, not 
data from PD7-0). 


If bit 5 of CTR is set to 1, data is read from the output signals 
PD7-0 when a read cycle occurs. A write cycle in this setting 
only writes to the output latch, not to the output signals PD7- 
0. 


The reset value of this register is 0. 


7 6 5 4 3 2 +1 


roToT oe ya To] oT 0 Reset 


SPP Data Register 
(DTR) 
Offset 00h 


FIGURE 6-1. DTR Register Bitmap (SPP Mode) 
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6.2.3. Status Register (STR) 


This read-only register holds status information. A system 
write operation to STR is an invalid operation that has no ef- 
fect on the parallel port. 


7 6 5 43 2 4 SPP Status Register 


ERKEEAEREOEREIED Hessel one orn 
FT | | | ft | Jreuires 


Time-Out Status 

Reserved 
IRQ Status 
ERR Status 
SLCT Status 
PE Status 
— ACK Status 
'— Printer Status 


FIGURE 6-2. STR Register Bitmap (SPP Mode) 


Bit 0 - Time-Out Status 


In EPP modes only, this is the time-out status bit. In all 
other modes this bit has no function and has the con- 
stant value 1. 


This bit is cleared when an EPP mode is enabled. 
Thereafter, this bit is set to 1 when a time-out occurs in 
an EPP cycle and is cleared when STR is read. 


In EPP modes: 


0: An EPP mode is set. No time-out occurred since 
STR was last read. 


1: Time-out occurred on EPP cycle (minimum of 10 
usec). (Default) 


Bit 1 - Reserved 
This bit is reserved and is always 1. 


Bit 2 - IRQ Status 
In all modes except SPP Extended, this bit is always 1. 


In SPP Extended mode this bit is the IRQ status bit. It re- 
mains high unless the interrupt request is enabled (bit 4 of 
CTR set high). This bit is high except when latched low 
when the ACK signal makes a low to high transition, indi- 
cating a character is now being transferred to the printer. 


Reading this bit resets it to 1. 
0: Interrupt requested in SPP Extended mode. 
1: No interrupt requested. (Default) 


Bit 3 - ERR Status 


This bit reflects the current state of the printer error sig- 
nal, ERR. The printer sets this bit low when there is a 
printer error. 


0: Printer error. 
1: No printer error. 


Bit 4 - SLCT Status 


This bit reflects the current state of the printer select sig- 
nal, SLCT. The printer sets this bit high when it is on-line 
and selected. 


0: No printer selected. 
1: Printer selected and online. 
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Bit 5 - PE Status 


This bit reflects the current state of the printer paper end 
signal (PE). The printer sets this bit high when it detects 
the end of the paper. 
0: Printer has paper. 


1: End of paper in printer. 


Bit 6 - ACK Status 


This bit reflects the current state of the printer acknowl- 
edge signal, ACK. The printer pulses this signal low af- 
ter it has received a character and is ready to receive 
another one. This bit follows the state of the ACK pin. 


0: Character reception complete. 
1: No character received. 


Bit 7 - Printer Status 


This bit reflects the current state of the printer BUSY sig- 
nal. The printer sets this bit low when it is busy and can- 
not accept another character. 


This bit is the inverse of the (BUSY/WAIT) pin. 
0: Printer busy. 
1: Printer not busy. 


6.2.4 SPP Control Register (CTR) 


The control register provides all the output signals that con- 
trol the printer. Except for bit 5, it is a read and write register. 


Normally when the Control Register (CTR) is read, the bit 
values are provided by the internal output data latch. These 
bit values can be superseded by the logic level of the STB, 
AFD, INIT, and SLIN signals, if these signals are forced high 
or low by external voltage. To force these signals high or 
low the corresponding bits should be set to their inactive 
states (e.g., AFD, STB and SLIN should all be 0; INIT 
should be 1). 


Section 6.3.10 "EPP Mode Transfer Operations" on page 
143 describes the transfer operations that are possible in 
EPP modes. 


765432 1 SPP Control Register 


CTs PopeToy toy Reset Btieer doh 
PTT TT Tf Jrequirea 


Data Strobe Control 
Automatic Line Feed Control 
Printer Initialization Control 
Parallel Port Input Control 
Interrupt Enable 
Direction Control 
— Reserved 
'— Reserved 


FIGURE 6-3. CTR Register Bitmap (SPP Mode) 


Bit 0 - Data Strobe Control 


Bit 0 directly controls the data strobe signal to the printer 
via the STB signal. 


This bit is the inverse of the STB signal. 
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Bit 1 - Automatic Line Feed Control 


This bit directly controls the automatic line feed signal to 
the printer via the AFD pin. Setting this bit high causes 
the printer to automatically feed after each line is print- 
ed. 


This bit is the inverse of the AFD signal. 
0: No automatic line feed. (Default) 
1: Automatic line feed 


Bit 2 - Printer Initialization Control 
Bit 2 directly controls the signal to initialize the printer via 
the INIT pin. Setting this bit to low initializes the printer. 
The value of the INIT signal reflects the value of this bit. 
The default setting of 1 on this bit prevents printer initial- 
ization in SPP mode, and enables ECP mode after re- 
set. 
0: Initialize Printer. 
1: No action (Default). 


Bit 3 - Select Input Signal Control 
This bit directly controls the select in signal to the printer 
via the SLIN signal. Setting this bit high selects the print- 
er. 
It is the inverse of the SLIN signal. 
This bit must be set to 0 before enabling the EPP or 
ECP mode. 
0: Printer not selected. (Default) 
1: Printer selected and online. 


Bit 4 - Interrupt Enable 

Bit 4 controls the interrupt generated by the ACK signal. 

Its function changes slightly depending on the parallel 

port mode selected. 

In ECP mode, this bit should be set to 0. 

In the following description, IRQx indicates an interrupt 

allocated for the parallel port. 

0: In SPP Compatible, SPP Extended and EPP 
modes, IRQx is floated. (Default) 

1: In SPP Compatible mode, IRQx follows ACK transi- 
tions. 
In SPP Extended mode, IRQx is set active on the trail- 
ing edge of ACK. 
In EPP modes, IRQx follows ACK transitions, or is 
set when an EPP time-out occurs. 


Bit 5 - Direction Control 

This bit determines the direction of the parallel port in 

SPP Extended mode only. In the (default) SPP Compat- 

ible mode, this bit has no effect, since the port functions 

for output only. 

This is a read/write bit in EPP modes. In SPP modes it 

is a write only bit. A read from it returns 1. 

In SPP Compatible mode and in EPP modes it does not 

control the direction. See TABLE 6-4 "SPP DTR Regis- 

ter Read and Write Modes" on page 139. 

0: Data output to PD7-0 in SPP Extended mode dur- 
ing write cycles. (Default) 

1: Data input from PD7-0 in SPP Extended mode dur- 
ing read cycles. 
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Bits 7,6: Reserved 
These bits are reserved and are always 1. 


6.3 ENHANCED PARALLEL PORT (EPP) MODES 


EPP modes allow greater throughput than SPP modes by 
supporting faster transfer times (8, 16 or 32-bit data trans- 
fers in a single read or write operation) and a mechanism 
that allows the system to address peripheral device regis- 
ters directly. Faster transfers are achieved by automatically 
generating the address and data strobes. 


The connector pin assignments for these modes are listed 
in TABLE 6-12 "Parallel Port Pinout" on page 160. 


EPP modes support revision 1.7 and revision 1.9 of the 
IEEE 1284 standard, as shown in TABLE 6-1 "Parallel Port 
Mode Selection" on page 138. 


In Legacy mode, EPP modes are supported for a parallel 
port whose base address is 278h or 378h, but not for a par- 
allel port whose base address is 3BCh. (There are no EPP 
registers at 3BFh.) In both Legacy and Plug and Play 
modes, bits 2, 1 and 0 of the parallel port base address 
must be 000 in EPP modes. 


SPP-type data transactions may be conducted in EPP 
modes. The appropriate registers are available for this type 
of transaction. (See TABLE 6-5 "Enhanced Parallel Port 
(EPP) Registers".) As in the SPP modes, software must 
generate the control signals required to send or receive da- 
ta. 


6.3.1. EPP Register Set 


TABLE 6-5 lists the EPP registers. All are single-byte regis- 
ters. 


Bits 0, 1 and 3 of the CTR register must be 0 and bit 2 must 
be 1, before the EPP registers can be accessed, since the 
signals controlled by these bits are controlled by hardware 
during EPP accesses. Once these bits are set to 0 by the 
software driver, multiple EPP access cycles may be in- 
voked. 


When EPP modes are enabled, the software can perform 
SPP Extended mode cycles. In other words, if there is no 
access to one of the EPP registers, EPP Address (ADDR) 
or EPP Data Registers 0-3 (DATAO-3), EPP modes behave 
like SPP Extended mode, except for the interrupt, which is 
pulse triggered instead of level triggered. 


Bit 7 of STR (BUSY status) must be set to 1 before writing 
to DTR in EPP modes to ensure data output to PD7-0. 


The enhanced parallel port monitors the IOCHRDY signal 
during EPP cycles. If IOCHRDY is driven low for more then 
10 usec, an EPP time-out event occurs, which aborts the 
cycle by asserting IOCHRDY, thus releasing the system 
from a stuck EPP peripheral device. (This time-out event is 
only functional when the clock is applied to this logical de- 
vice). 


When the cycle is aborted, ASTRB or DSTRB becomes in- 
active, and the time-out event is signaled by asserting bit 0 
of STR. If bit 4 of CTR is 1, the time-out event also pulses 
the IRQ5 or IRQ7 signals when enabled. (IRQ5 and IRQ7 
can be routed to any other IRQ lines via the Plug and Play 
block). 


EPP cycles to the external device are activated by invoking 
read or write cycles to the EPP. 
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TABLE 6-5. Enhanced Parallel Port (EPP) Registers 


Offset Description Mode 


00h 
Oth 
02h 
03h 
04h 
05h 
06h 
07h 


SPP Data 
SPP Status 
SPP Control 
EPP Address 

EPP Data Port 0 
EPP Data Port 1 
EPP Data Port 2 
EPP Data Port 3 


SPP or EPP 
SPP or EPP 
SPP or EPP 


ADDR 
DATAO 
DATA1 
DATA2 
DATA3 


6.3.2 SPP or EPP Data Register (DTR) 


The DTR register is the SPP Compatible or SPP Extended 
data register. A write to DTR sets the state of the eight data 
pins on the 25-pin D-shell connector. 


7 6 5 4 3 2 +1 


roToToTeya[o] oo Reset 
PT TT TY fReauirea 


SPP or EPP Data 
Register (DTR) 
Offset 00h 


FIGURE 6-4. SPP or EPP DTR Register Bitmap 


6.3.3 SPP or EPP Status Register (STR) 


This status port is read only. A read presents the current 
status of the five pins on the 25-pin D-shell connector, and 
the IRQ. 


76 5 432 SPP or EPP Status 
Register (STR) 


Offset O1h 


Time-Out Status 

Reserved 
IRQ Status 
ERR Status 
SLCT Status 
PE Status 
— ACK Status 
'_ Printer Status 


FIGURE 6-5. SPP or EPP STR Register Bitmap 


The bits of this register have the identical function in EPP 
mode as in SPP mode. See Section 6.2.3 "Status Register 
(STR)" on page 139 for a detailed description of each bit. 
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6.3.4 SPP or EPP Control Register (CTR) 


This control port is read or write. A write operation to it sets 
the state of four pins on the 25-pin D-shell connector, and 
controls both the parallel port interrupt enable and direction. 


7 6 5 4 3 2 1 SPP or EPP Control 


BEBOOROD rea Gttset 02h 
PE TT TT YT fReauirea 


Data Strobe Control 
Automatic Line Feed Control 
Printer Initialization Control 
Parallel Port Input Control 
Interrupt Enable 

Direction Control 

— Reserved 

— Reserved 


FIGURE 6-6. SPP or EPP CTR Register Bitmap 


The bits of this register have the identical function in EPP 
modes as in SPP modes. See Section 6.2.4 "SPP Control 
Register (CTR)" on page 140 for a detailed description of 
each bit. 


6.3.5 EPP Address Register (ADDR) 


This port is added in EPP modes to enhance system 
throughput by enabling registers in the remote device to be 
directly addressed by hardware. 


This port can be read or written. Writing to it initiates an EPP 
device or register selection operation. 


7 6 5 4 3 2 #1 


BOOOoooo 


EPP Address 
Register (ADDR) 
Offset 03h 


EPP Device or 
Register Selection 
Address Bits 


FIGURE 6-7. EPP ADDR Register Bitmap 


6.3.6 EPP Data Register 0 (DATAO) 


DATAO is a read/write register. Accessing it initiates device 
read or write operations of bits 7 through 0. 
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7 6 5 432 EPP Data Register 0 
(DATAO) 


Offset 04h 


BOOooooo 


EPP Device 
Read or Write Data 


FIGURE 6-8. EPP DATAO Register Bitmap 


6.3.7 EPP Data Register 1 (DATA1) 


DATA2 is only accessed to transfer bits 15 through 8 of a 
16-bit read or write to EPP Data Register 0 (DATAO). 


76 5 432 1 EPP Data Register 1 


roTo[oyo[oloTayo Reset (DATA1) 


Offset 05h 


EPP Device 
Read or Write Data 


FIGURE 6-9. EPP DATA1 Register Bitmap 


6.3.8 EPP Data Register 2 (DATA2) 


This is the third EPP data register. It is only accessed to 
transfer bits 16 through 23 of a 32-bit read or write to EPP 
Data Register 0 (DATAO). 


7 6 5 432 EPP Data Register 2 


roTo[ Tool oToyo Reset (DATA2) 


Offset 06h 


EPP Device 
Read or Write Data 


FIGURE 6-10. EPP DATA2 Register Bitmap 
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6.3.9 EPP Data Register 3 (DATA3) 


This is the fourth EPP data register. It is only accessed to 
transfer bits 24 through 31 of a 32-bit read or write to EPP 
Data Register 0 (DATAO). 


765 432 1 EPP Data Register 3 


BOOOGOOO wen 
PT TT TY fReauirea 


EPP Device 
Read or Write Data 


FIGURE 6-11. EPP DATA3 Register Bitmap 


6.3.10 EPP Mode Transfer Operations 


The EPP transfer operations are address read or write, and 
data read or write. An EPP transfer is composed of a sys- 
tem read or write cycle from or to an EPP register, and an 
EPP read or write cycle from a peripheral device to an EPP 
register or from an EPP register to a peripheral device. 


EPP 1.7 Address Write 


The following procedure selects a peripheral device or regis- 
ter as illustrated in FIGURE 6-12 "EPP 1.7 Address Write". 


1. The system writes a byte to the EPP Address register. 
WR becomes low to latch D7-0 into the EPP Address 
register. The latch drives the EPP Address register onto 
PD7-0 and the EPP pulls WRITE low. 


. The EPP pulls ASTRB low to indicate that data was sent. 


If WAIT was low during the system write cycle, 
IOCHRDY becomes low. When WAIT becomes high, 
the EPP pulls IOCHRDY high. 


. When IOCHRDY becomes high, it causes WR to be- 
come high. If WAIT is high during the system write cycle, 
then the EPP does not pull IOCHRDY to low. 


. When WR becomes high, it causes the EPP to pull first 
ASTRB and then WRITE to high. The EPP can change 
PD7-0 only when WRITE and ASTRB are both high. 
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PD7-0 


IOCHRDY 
ZWS _/ 
FIGURE 6-12. EPP 1.7 Address Write 


SRE 


EPP 1.7 Address Read 


The following procedure reads from the EPP Address reg- 
ister as shown in FIGURE 6-13 "EPP 1.7 Address Read". 


1. The system reads a byte from the EPP Address register. 
RD goes low to gate PD7-0 into D7-0. 


. The EPP pulls ASTRB low to signal the peripheral to 
start sending data. 


If WAIT is low during the system read cycle. Then the 
EPP pulls IOCHRDY low. When WAIT becomes high, 
the EPP stops pulling IOCHRDY to low. 


. When IOCHRDY becomes high, it causes RD to be- 
come high. If WAIT is high during the system read cycle 
then the EPP does not pull IOCHRDY to low. 


. When RD becomes high, it causes the EPP to pull 
ASTRB high. The EPP can change PD7-0 only when 
ASTRB is high. After ASTRB becomes high, the EPP 
puts D7-0 in TRI-STATE. 


rors —— KEE 
lOCHROY EE 


ZWS —/7 


FIGURE 6-13. EPP 1.7 Address Read 


EPP 1.7 Data Write and Read 


This procedure writes to the selected peripheral device or 
register. 


EPP 1.7 data read or write operations are similar to EPP 1.7 
Address register read or write operations, except that the 
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data strobe (DSTRB signal), and the EPP Data register, re- 
place the address strobe (ASTRB signal) and the EPP Aq- 
dress register, respectively. 


EPP Revision 1.7 and 1.9 Zero Wait State (ZWS) Ad- 
dress Write and Read Operations 


The following procedure performs a short write to the select- 
ed peripheral device or register. See also FIGURE 6-14 
"EPP Write with Zero Wait States" on page 144. 


1. The system writes a byte to the EPP Address register. 
WR becomes low to latch D7-0 into the EPP Data regis- 
ter. The latch drives the EPP Data register to PD7-0. 

. The EPP first pulls WRITE low, and then pulls ASTRB 
low to indicate that data has been sent. 

. If WAIT was high during the system write cycle, ZWS 
goes low and IOCHRDY stays high. 

. When the system pulls WR high, the EPP pulls ASTRB, 
ZWS and then WRITE to high. The EPP can change 
PD7-0 only when WRITE and ASTRB are high. 

If the peripheral is fast enough to pull WAIT low before 
the system terminates the write cycle, the EPP pulls 


IOCHRDY to low, but does not pull ZWS to low, thus car- 
rying out a normal (non-ZWS EPP 1.7) write operation. 


D7-0 a4 


WR 


wa, 


PD7-0 


DSTRB or 
ASTRB 


IOCHRDY __/ 


4 


ZWS / 


FIGURE 6-14. EPP Write with Zero Wait States 


A read operation is similar, except for the data direction, ac- 
tivation of RD instead of WR, and WRITE stays high. 


6.3.11 EPP 1.7 and 1.9 Zero Wait State Data Write and 


Read Operations 
EPP 1.7 zero wait state data write and read operations are 
similar to EPP zero wait state address write and read oper- 
ations, with the exception that the data strobe (DSTRB sig- 
nal), and a data register, replace the address strobe 
(ASTRB signal) and the address register, respectively. 


EPP 1.9 Address Write 


The following procedure selects a peripheral or register as 
shown in FIGURE 6-15 "EPP 1.9 Address Write". 
. The system writes a byte to the EPP Address register. 


. The EPP pulls IOCHRDY low, and waits for WAIT to be- 
come low. 


. When WAIT becomes low, the EPP pulls WRITE to low 
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and drives the latched byte onto PD7-0. If WAIT was al- 
ready low, steps 2 and 3 occur concurrently. 

. The EPP pulls ASTRB low and waits for WAIT to be- 
come high. 

. When WAIT becomes high, the EPP stops pulling 
IOCHRDY low, and waits for WR to become high. 

. When WR becomes high, the EPP pulls ASTRB high, 
and waits for WAIT to become low. 
If no EPP write is pending when WAIT becomes low, the 
EPP pulls WRITE to high. Otherwise, WRITE remains 
low, and the EPP may change PD7-0. 


D7-0 


wa \ 


WAIT ——_ 


ASTRB 


WRITE 


PD7-0 


IOCHRDY Fh 


ZWS _/ 
FIGURE 6-15. EPP 1.9 Address Write 


EPP 1.9 Address Read 


The following procedure reads from the address register. 

1. The system reads a byte from the EPP address register. 
When RD becomes low, the EPP pulls IOCHRDY low, 
and waits for WAIT to become low. 

. When WAIT becomes low, the EPP pulls ASTRB low 
and waits for WAIT to become high. If WAIT was already 
low, steps 2 and 3 occur concurrently. 

. When WAIT becomes high, the EPP stops pulling |O- 
CHRDY low, and waits for RD to become high. 

. When RD becomes high, the EPP latches PD7-0 (to 


provide sufficient hold time), pulls ASTRB high, and puts 
D7-0 in TRI-STATE. 
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79 KK 


iv 


« 


FIGURE 6-16. EPP 1.9 Address Read 


EPP 1.9 Data Write and (Backward) Data Read 


This procedure writes to the selected peripheral drive or 
register. 


EPP 1.9 data read and write operations are similar to EPP 
1.9 address read and write operations, except that the data 
strobe (DSTRB signal) and EPP Data register replace the 
address strobe (ASTRB signal) and the EPP Address reg- 
ister, respectively. 


6.4 EXTENDED CAPABILITIES PARALLEL PORT 
(ECP) 


In the Extended Capabilities Parallel Port (ECP) modes, the 
device is a state machine that supports a 16-byte FIFO that 
can be configured for either direction, command and data 
FIFO tags (one per byte), a FIFO threshold interrupt for both 
directions, FIFO empty and full status bits, automatic gen- 
eration of strobes (by hardware) to fill or empty the FIFO, 
transfer of commands and data, and Run Length Encoding 
(RLE) expanding (decompression) as explained below. The 
FIFO can be accessed by PIO or system DMA cycles. 


6.4.1 ECP Modes 


ECP modes are enabled as described in TABLE 6-1 "Par- 
allel Port Mode Selection" on page 138. The ECP mode is 
selected at reset by setting bits 7-5 of the Superl/O Parallel 
Port Configuration register at index FOh (see Section 2.7.1 
"Superl/O Parallel Port Configuration Register" on page 41) 
to 100 or 111. Thereafter, the mode is controlled via the bits 
7-5 of the ECP Extended Control Register (ECR) at offset 
402h of the parallel port. See Section 6.5.12 "Extended 
Control Register (ECR)" on page 150. 


TABLE 6-9 "ECP Modes Encoding" on page 151 lists the 
ECP modes. See TABLE 6-11 "ECP Modes" on page 155 
and Section 6.6 "DETAILED ECP MODE DESCRIPTIONS" 
on page 154 for more detailed descriptions of these modes. 


6.4.2 


Software should operate as described in “Extended Capa- 
bilities Port Protocol and ISA Interface Standara”. 


Software Operation 


Some of these operations are: 


© Software should enable ECP after bits 3-0 of the parallel 
port Control Register (CTR) are set to 0100. 
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When ECP is enabled, software should switch modes 
only through modes 000 or 001. 


When ECP is enabled, the software should change di- 
rection only in mode 001. 


Software should not switch from mode 010 or 011, to 
mode 000 or 001, unless the FIFO is empty. 


Software should switch to mode 011 when bits 0 and 1 
of DCR are 0. 


Software should switch to mode 010 when bit 0 of DCR 
is 0. 


Software should disable ECP only in mode 000 or 001. 


. Software should switch to mode 100 when bits 0, 1 and 
3 of the DCR are 0. 


. Software should switch from mode 100 to mode 000 or 
001 only when bit 7 of the DSR (BUSY) is 1. Otherwise, 
an on-going EPP cycle can be aborted. 


7. When the ECP is in mode 100, software should write 0 
to bit 5 of the DCR before performing EPP cycles. 


Software may switch from mode 011 backward to modes 
000 or 001, when there is an on-going ECP read cycle. In 
this case, the read cycle is aborted by deasserting AFD. 
The FIFO is reset (empty) and a potential byte expansion 
(RLE) is automatically terminated since the new mode is 
000 or 001. 


6.4.3. Hardware Operation 


The ZWS signal is asserted by the ECP when ECP modes 
are enabled, and an ECP register is accessed by system 
PIO instructions, thus using a system zero wait states cycle 
(except during read cycles from ECR). 


The ECP uses an internal clock, which can be frozen to re- 
duce power consumption during power down. In this power- 
down state the DMA is disabled, all interrupts (except ACK) 
are masked, and the FIFO registers are not accessible (ac- 
cess is ignored). The other ECP registers are unaffected by 
power-down and are always accessible when the ECP is 
enabled. During power-down the FIFO status and contents 
become inaccessible, and the system reads bit 2 of ECR as 
0, bit 1 of ECR as 1 and bit 0 of ECR as 1, regardless of the 
actual values of these bits. The FIFO status and contents 
are not lost, however, and when the clock activity resumes, 
the values of these bits resume their designated functions. 


When the clock is frozen, an on-going ECP cycle may be 
corrupted, but the next ECP cycle will not start even if the 
FIFO is not empty in the forward direction, or not full in the 
backward direction. If the ECP clock starts or stops toggling 
during a system cycle that accesses the FIFO, the cycle 
may yield wrong data. 


ECP output signals are inactive when the ECP is disabled. 


Only the FIFO, DMA and RLE do not function when the 
clock is frozen. All other registers are accessible and func- 
tional. The FIFO, DMA and RLE are affected by ECR mod- 
ifications, i.e., they are reset when exits from modes 010 or 
011 are carried out even while the clock is frozen. 


6.5 ECP MODE REGISTERS 


The ECP registers are each a byte wide, and are listed in 
TABLE 6-6 "Extended Capabilities Parallel Port (ECP) 
Registers" in order of their offsets from the base address of 
the parallel port. In addition, the ECP has control registers 
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at second level offsets, that are accessed via the EIR and 
EDR registers. See Section 6.5.2 "Second Level Offsets" on 
page 146. 


TABLE 6-6. Extended Capabilities Parallel Port (ECP) 
Registers 


Modes 
(ECR Bits) 


765 


Offset | Symbol Description 


000h | DATAR 000 


001 
011 
All Modes 
All Modes 
010 


Parallel Port Data 
Register 


000h 
001h 
002h 
400h 


AFIFO 
DSR 
DCR 

CFIFO 


ECP Address FIFO} 


Status Register 


Control Register 


Parallel Port Data 
FIFO 


ECP Data FIFO 
Test FIFO 


400h 
400h 
400h 


DFIFO 
TFIFO 
CNFGA 


011 
110 
111 


Configuration Reg- 
ister A 


401h | CNFGB | Configuration Reg- 111 


ister B 


402h ECR Extended Control 


Register 


All Modes 


403h EIR Extended Index | All Modes 


Register 


404h EDR Extended Data 


Register 


All Modes 


405h EAR | Extended Auxiliary} All Modes 


Status Register 


Control Registers at Second Level Offsets 


00h 
02h 
04h 


ControlO All Modes 
All Modes 


All Modes 


Control2 
Control4 


05h PP ConfgO All Modes 


6.5.1. Accessing the ECP Registers 


The AFIFO, CFIFO, DFIFO and TFIFO registers access the 
same ECP FIFO. The FIFO is accessed at Base + 000h, or 
Base + 400h, depending on the mode field of ECR and the 
register. 


The FIFO can be accessed by system DMA cycles, as well 
as system PIO cycles. 


When the DMA is configured and enabled (bit 3 of ECR is 1 
and bit 2 of ECR is 0) the ECP automatically (by hardware) 
issues DMA requests to fill the FIFO (in the forward direc- 
tion when bit 5 of DCR is 0) or to empty the FIFO (in the 
backward direction when bit 5 of DCR is 1). All DMA trans- 
fers are to or from these registers. The ECP does not assert 
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DMA requests for more than 32 consecutive DMA cycles. 
The ECP stops requesting the DMA when TC is detected 
during an ECP DMA cycle. 


A “Demand DMA” feature reduces system overhead 
caused by DMA data transfers. When this feature is en- 
abled by bit 6 of the PP ConfigO register at second level off- 
set 05h, it prevents servicing of DMA requests until after 
four have accumulated and are held pending. See “Bit 6 - 
Demand DMA Enable” on page 154. 


Writing into a full FIFO, and reading from an empty FIFO, 
are ignored. The written data is lost, and the read data is un- 
defined. The FIFO empty and full status bits are not affected 
by such accesses. 


Some registers are not accessible in all modes of operation, 
or may be accessed in one direction only. Accessing a non 
accessible register has no effect. Data read is undefined; 
data written is ignored; and the FIFO does not update. The 
SPP registers (DTR, STR and CTR) are not accessible 
when the ECP is enabled. 


To improve noise immunity in ECP cycles, the state ma- 
chine does not examine the control handshake response 
lines until the data has had time to switch. 


In ECP modes: 

® DATAR replaces DTR of SPP/EPP 
© DSR replaces STR of SPP/EPP 

© DCR replaces CTR of SPP/EPP 


6.5.2 


The EIR, EDR, and EAR registers support enhanced con- 
trol and status features. When bit 4 of the Parallel Port Con- 
figuration register is 1 (as described in Section 2.7.1 
"Superl/O Parallel Port Configuration Register" on page 
41), EIR and EDR serve as index and data registers, re- 
spectively. 


EIR and EDR at offsets 403 and 404, respectively, access 
the control registers (Control0, Control2, Control4 and PP 
ConfigO) at second level offsets 00h, 02h, 04h and O5h, re- 
spectively. These control registers are functional only. Ac- 
cessing these registers is possible when bit 4 of the 
Superl/O Parallel Port Configuration register at index FOh of 
logical device 4 is1 and when bit 2 or 10 of the base address 
is 1. 


Second Level Offsets 


Parallel Port (Logical Device 4 


6.5.3 ECP Data Register (DATAR) 


The ECP Data Register (DATAR) register is the same as 
the DTR register (see Section 6.2.2 "SPP Data Register 
(DTR)" on page 138), except that a read always returns the 
values of the PD7-0 signals instead of the register latched 
data. 


Bits 7-5 of ECR = 000 or 001 
7 6 5 4 3 2 +1 


rele o[eyefo] oo Reset 


ECP Data Register 
(DATAR) 
Offset 000h 


FIGURE 6-17. EPP DATAR Register Bitmap 


6.5.4 ECP Address FIFO (AFIFO) Register 


The ECP Address FIFO Register (AFIFO) is write only. In 
the forward direction (when bit 5 of DCR is 0) a byte written 
into this register is pushed into the FIFO and tagged as a 
command. 


Reading this register returns undefined contents. Writing to 
this register in a backward direction (when bit 5 of DCR is 1) 
has no effect and the data is ignored. 


Bits 7-5 of ECR = 011 
7 6 5 4 3 2 1-0 ECP Address Register 


10 | 0] 0] 0} 0] 0] 0] o}reset Giicenoouh 
FT tT | ft | [ JRreauires 


FIGURE 6-18. AFIFO Register Bitmap 


6.5.5 ECP Status Register (DSR) 


This read-only register displays device status. Writes to this 
DSR have no effect and the data is ignored. 


This register should not be confused with the DSR register 
of the Floppy Disk Controller (FDC). 
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765432 1 ECP Status Register 


ERE meet Sitee Con : 
PT | TT [tft] pRequirea 


EPP Time-Out Status 

Reserved 
Reserved 
ERR Status 
SLCT Status 
PE Status 
'_ ACK Status 
'— Printer Status 


FIGURE 6-19. ECP DSR Register Bitmap 


Bits 0 - EPP Time-Out Status 


In EPP modes only, this is the time-out status bit. In all 
other modes this bit has no function and has the con- 
stant value 1. 


This bit is cleared when an EPP mode is enabled. 
Thereafter, this bit is set to 1 when a time-out occurs in 
an EPP cycle and is cleared when STR is read. 


In EPP modes: 


0: An EPP mode is set. No time-out occurred since 
STR was last read. 


1: Time-out occurred on EPP cycle (minimum of 10 
usec). (Default) 


Bits 2,1: Reserved 
These bits are reserved and are always 1. 


Bit 3 - ERR Status 
This bit reflects the status of the ERR signal. 
0: Printer error. 
1: No printer error. 


Bit 4 - SLCT Status 


This bit reflects the status of the Select signal. The print- 
er sets this signal high when it is online and selected 


0: Printer not selected. (Default) 
1: Printer selected and on-line. 


Bit 5 - PE Status 
This bit reflects the status of the Paper End (PE) signal. 
0: Paper not ended. 
1: No paper in printer. 


Bit 6 - ACK Status 


This bit reflects the status of the ACK signal. This signal 
is pulsed low after a character is received. 


0: Character received. 
1: No character received. (Default) 


Bit 7 - Printer Status 


This bit reflects the inverse of the state of the BUSY sig- 
nal. 


0: Printer is busy (cannot accept another character 
now). 


1: Printer not busy (ready for another character). 
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6.5.6 ECP Control Register (DCR) 


Reading this register returns the register content (not the 
signal values, as in SPP mode). 


765432 i100 ECP Control 
Register (DCR) 


Offset 002h 


Data Strobe Control 
Automatic Line Feed Control 
Printer Initialization Control 
Parallel Port Input Control 
Interrupt Enable 

Direction Control 

— Reserved 

'— Reserved 


FIGURE 6-20. DCR Register Bitmap 


Bit 0 - Data Strobe Control 


Bit 0 directly controls the data strobe signal to the printer 
via the STB signal. It is the inverse of the STB signal. 


0: The STB signal is inactive in all modes except 010 
and 011. In these modes, it may be active or inac- 
tive as set by the software. 


1: In all modes, STB is active. 


Bit 1 - Automatic Line Feed Control 


This bit directly controls the automatic feed XT signal to 
the printer via the AFD signal. Setting this bit high caus- 
es the printer to automatically feed after each line is 
printed. This bit is the inverse of the AFD signal. 


In mode 011, AFD is activated by both ECP hardware 
and by software using this bit. 


0: No automatic line feed. (Default) 
1: Automatic line feed. 


Bit 2 - Printer Initialization Control 


Bit 2 directly controls the signal to initialize the printer via 
the INIT signal. Setting this bit to low initializes the print- 
er. The INIT signal follows this bit. 


0: Initialize printer. (Default) 
1: Printer initialized. 


Bit 3 - Parallel Port Input Conirol 


This bit directly controls the select input device signal to 
the printer via the SLIN signal. It is the inverse of the 
SLIN signal. 


This bit must be set to 1 before enabling the EPP or 
ECP modes. 


0: The printer is not selected. 
1: The printer is selected. 


Bit 4 - Interrupt Enable 


Bit 4 enables the interrupt generated by the ACK signal. 
In ECP mode, this bit should be set to 0. This bit does 
not float the IRQ pin. 


0: Masked. (Default) 
1: Enabled. 
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Bit 5 - Direction Control 
This bit determines the direction of the parallel port. 


This is a read/write bit in EPP mode. In SPP mode it is 
a write only bit. A read from it returns 1. In SPP Compat- 
ible mode and in EPP mode it does not control the direc- 
tion. See TABLE 6-4 "SPP DTR Register Read and 
Write Modes" on page 139. 


The ECP drives the PD7-0 pins in the forward direction, 
but does not drive them in the backward direction. 


This bit is readable and writable. In modes 000 and 010 
the direction bit is forced to 0, internally, regardless of 
the data written into this bit. 


0: ECP drives forward in output mode. (Default) 
1: ECP direction is backward. 

Bits 7,6 - Reserved 
These bits are reserved and are always 1. 


6.5.7 Parallel Port Data FIFO (CFIFO) Register 


The Parallel Port FIFO (CFIFO) register is write only. A byte 
written to this register by PIO or DMA is pushed into the 
FIFO and tagged as data. 


Reading this register has no effect and the data read is un- 
defined. 


apr ease 010 
ae ee Parallel Port FIFO 


TOTO TOTO TOOT Ose Register (CFIFO) 
Pe aM oe cilceaiieee |e Sa | Required 


Offset 400h 


FIGURE 6-21. CFIFO Register Bitmap 


6.5.8 ECP Data FIFO (DFIFO) Register 


This bi-directional FIFO functions as either a write-only de- 
vice when bit 5 of DCR is 0, or a read-only device when it is 
1. 


In the forward direction (bit 5 of DCR is 0), a byte written to 
the ECP Data FIFO (DFIFO) register by PIO or DMA is 
pushed into the FIFO and tagged as data. Reading this reg- 
ister when set for write-only has no effect and the data read 
is undefined. 


In the backward direction (bit 5 of DCR is 1), the ECP auto- 
matically issues ECP read cycles to fill the FIFO. 


Reading from this register pops a byte from the FIFO. Writ- 
ing to this register when it is set for read-only has no effect, 
and the data written is ignored. 


Parallel Port (Logical Device 4 


Bits 7-5 of ECR = 011 


(ee eee ee ECP Data FIFO 
Register (DFIFO) 


Offset 400h 


FIGURE 6-22. DFIFO Register Bitmap 


6.5.9 Test FIFO (TFIFO) Register 


A byte written into the Test FIFO (TFIFO) register is pushed 
into the FIFO. A byte read from this register is popped from 
the FIFO. The ECP does not issue an ECP cycle to transfer 
the data to or from the peripheral device. 


The TFIFO is readable and writable in both directions. In the 
forward direction (bit 5 of DCR is 0) PD7-0 are driven, but 
the data is undefined. 


The FIFO does not stall when overwritten or underrun (ac- 
cess is ignored). Bytes are always read from the top of the 
FIFO, regardless of the direction bit setting (bit 5 of DCR). 
For example if 44h, 33h, 22h, 11h is written into the FIFO, 
reading the FIFO returns 44h, 33h, 22h, 11h (in the same 
order it was written). 


Bits 7-5 of ECR = 110 
7 6 5 4 3 2 +1 


pOoooooo 


Test FIFO 
Register (TFIFO) 
Offset 400h 


FIGURE 6-23. TFIFO Register Bitmap 
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6.5.10 Configuration Register A (CNFGA) 

This register is read only. Reading CNFGA always returns 
100 on bits 2 through 0 and 0001 on bits 7 through 4. 
Writing this register has no effect and the data is ignored. 


Bits 7-5 of ECR = 111 
7 6 5 4 3 2 1 0 Configuration Register A 


ofofolifoli[ololresst ——ofteet 00h 
po} of ols] | 1] 0] o}Required 


Always 0 

Always 0 
Always 1 
Bit 7 of PP ConfgO 
Always 1 
Always 0 
— Always 0 
— Always 0 


FIGURE 6-24. CNFGA Register Bitmap 


Bits 2-0 - Reserved 
These bits are reserved and are always 100. 


Bit 3 - Bit 7 of PP ConfgO 


This bit reflects the value of bit 7 of the ECP PP ConfgO 
register (second level offset 05h), which has no specific 
function. Whatever value is put in bit 7 of PP Confg0 will 
appear in this bit. 


This bit reflects a specific system configuration parame- 
ter, as opposed to other devices, e.g., 8-bit data word 
length. 


Bit 7-4 - Reserved 
These bits are reserved and are always 0001. 
6.5.11 Configuration Register B (CNFGB) 


Configuration register B (CNFGB) is read only. Reading this 
register returns the configured parallel port interrupt line 
and DMA channel, and the state of the interrupt line. 


Writing to this register has no effect and the data is ignored. 


Bits 7-5 of ECR = 111 
7 6 5 4 3 2 1 0 Configuration Register B 


fofolx|x[x]alololmesct — oatset aotb 
PT ET TY fReauirea 


“DMA Channel Select 
Reserved 


or Select 


— IRQ Signal Value 
— Reserved 


FIGURE 6-25. CNFGB Register Bitmap 
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Bits 1,0 - DMA Channel Select 


These bits reflect the value of bits 1,0 of the PP ConfigO Extended Control 
register (second level offset 05h). Microsoft's ECP Pro- Register (ECR) 
tocol and ISA Interface Standard defines these bits as Offset 402h 
shown in TABLE 6-7 "ECP Mode DMA Selection". 

Bits 1,0 of PP ConfigO are read/write bits, but CNFGB 
bits are read only. FIFO Empty 


: eae FIFO Full 
t, th bit: tialized to 00. : 
Upon reset, these bits are initia ECP Interrupt Service 


TABLE 6-7. ECP Mode DMA Selection ECP DMA Enable 
ECP Interrupt Mask 


Bit 0 DMA Configuration 
8-bit DMA selected by jumpers. (Default) _ €or Mode Control 


DMA channel 1 selected. FIGURE 6-26. ECR Register Bitmap 
DMA channel 2 selected. 


Bit 0 - FIFO Empty 


DMA channel 3 selected. This bit continuously reflects the FIFO state, and there- 
fore can only be read. Data written to this bit is ignored. 


. When the ECP clock is frozen this bit is read as 1, re- 
Bit 2 - Reserved gardless of the actual FIFO state. 


This bit is reserved and is always 0. 0: The FIFO has at least one byte of data. 


Bits 5-3 - Interrupt Select Bits 1: The FIFO is empty or ECP clock is frozen. 


These bits reflect the value of bits 5-3 of the PP ConfigO ~— Bit 4 - FIFO Full 


register at second level index 05h. Microsoft's ECP Pro- ote : 
cal and ISA Interface Standard defines these bits as This bit continuously reflects the FIFO state, and there- 


shown in TABLE 6-8 "ECP Mode Interrupt Selection". fore can only be read. Data written to this bit is ignored. 


Bits 5-3 of PP Config are read/write bits, but CNFGB CR IGS Ze Oe Is Nocona DICis Tedeeten tales 
bits are read only. gardless of the actual FIFO state. 


Upon reset, these bits have undefined values. 0: The FIFO has at least one free byte. 


1: The FIFO is full or ECP clock frozen. 
TABLE 6-8. ECP Mode Interrupt Selection 


Bit 2 - ECP Interrupt Service 


This bit enables servicing of interrupt requests. It is set 

to 1 upon reset, and by the occurrence of interrupt 

events. It is set to 0 by software. 

0 1 IRQ7 selected. While this bit is 1, neither the DMA nor the interrupt 
events listed below will generate an interrupt. 

1 0 IRQ9 selected. 


While this bit is 0, the interrupt setup is “armed” and an 
IRQ10 selected. interrupt is generated on occurrence of an interrupt 


event. 
IRQ11 selected. While the ECP clock is frozen, this bit always returns a 


IRQ14 selected. 0 value, although it retains its proper value and may be 
modified. 
IRQ15 selected. When one of the following interrupt events occurs while 
IRQS5 selected. this bit is 0, an interrupt is generated and this bit is set 
to 1 by hardware. 
— DMA is enabled (bit 3 of ECR is 1) and terminal 
Bit 6 - IRQ Signal Value count is reached. 
This bit holds the value of the IRQ signal configured by — FlFO write threshold reached (no DMA - bit 3 of ECR 
the Interrupt Select register (index 70h of this logical de- is 0; forward direction (bit 5 of DCR is 0), and there 
vice). are eight or more bytes free in the FIFO). 
— FIFO read threshold reached (no DMA - bit 3 of ECR 
Bit 7 - Reserved is 0; read direction set - bit 5 of DCR is 1, and there 
This bit is reserved and is always 0. are eight or more bytes to read from the FIFO). 


Bit 4| Bit 3 Interrupt Selection 


0 0 Selected by jumpers. 


6.5.12 Extended Control Register (ECR) 


This register controls the ECP and parallel port functions. On 
reset this register is initialized to 00010xx1 (bits 1 and 2 de- 
pend on the clock status). IOCHRDY is driven low on an ECR 
read when the ECR status bits do not hold updated data. 
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0: The DMA and the above interrupts are not dis- Parallel Port Configuration register at index FOh of logical 
abled. device 4 is set to 1. See Section 2.7.1 "Superl/O Parallel 
1: The DMA and the above three interrupts are dis- | Port Configuration Register" on page 41. 
abled. The configuration bits within the parallel port address space 
are initialized to their default values on reset, and not when 
Bit 3 - ECP DMA Enable the parallel port is activated. 
0: The DMA request signal (DRQ3-0) is set to TRI- 
STATE and the appropriate acknowledge signal 76543214 ECP Extended Index 


(DACK3-0) is assumed inactive. Register (EIR) 
1: The DMA is enabled and the DMA starts when bit 2 royoT ooo [ooo oc Offset 403h 


of ECR is 0. T | | | | || | Required 


Bit 4 - ECP Interrupt Mask 
0: An int t i ted ERR ti th 
n interrupt is generated on assertion (the ee Level Offset 


high-to-low edge of ERR). An interrupt is also gen- 
erated while ERR is asserted when this bit is Reserved 
changed from 1 to 0; this prevents the loss of an in- Reserved 
terrupt between ECR read and ECR write. Reserved 

1: No interrupt is generated. '— Reserved 

— Reserved 


Bits 7-5 - ECP Mode Control 


These bits set the mode for the ECP device. See Sec- FIGURE 6-27. EIR Register Bitmap 

tion 6.6 "DETAILED ECP MODE DESCRIPTIONS" on 

page 154 for a more detailed description of operation in Bits 2-0 - Second Level Offset 

each of these ECP modes. The ECP modes are listed in Data written to these bits is used as a second level off- 

TABLE 6-9 "ECP Modes Encoding" and described in set for accesses to a specific control register. Second 

detail in TABLE 6-11 "ECP Modes" on page 155. level offsets of 00h, 02h, 04h and 05h are supported. At- 
TABLE 6-9. ECP Modes Encoding pg to access registers at any other offset have no 


ECR Bit Encoding TABLE 6-10. Second Level Offsets 
Mode Name 
Bit 6 Bit 5 Second Level Control Described in 

0 0 Sisndard Offset Register Name Section 

0 1 PS/2 

1 0 Parallel Port FIFO 
1 ECP FIFO 
EPP Mode 


FIFO Test 


00h ControlO 6.5.16 on page 152 
02h Control2 6.5.17 on page 152 
04h Control4 6.5.18 on page 153 
05h PP ConfgO 6.5.19 on page 153 


000:Access the Control0 register. 
010:Access the Control2 register. 
100:Access the Control4 register. 
6.5.13 ECP Extended Index Register (EIR) 101:Access the PP Confg0 register. 
The parallel port is partially configured by bits within the log- ‘ 
ical device address space. These configuration bits are ac- Bits 7-3 - Reserved 


cessed via this read/write register and the Extended Data These bits are treated as 0 for offset calculations. Writ- 
Register (EDR) (see Section 6.5.14 "ECP Extended Data ing any other value to them has no effect. 


Register (EDR)" on page 152), when bit 4 of the Superl/O These bits are read only. They return 00000 on reads 
and must be written as 00000. 


Configuration 
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6.5.14 ECP Extended Data Register (EDR) 


This read/write register is the data port of the control regis- 
ter indicated by the index stored in the EIR. Reading or writ- 
ing this register reads or writes the data in the control 
register whose second level offset is specified by the EIR. 


ECP Extended Data 
Register (EDR) 
Offset 404h 


7 6 5 4 3 2 +1 


pOooooooOr 


FIGURE 6-28. EDR Register Bitmap 


Bits 7-0 - Data Bits 
These read/write data bits transfer data to and from the 
Control Register pointed at by the EIR register. 
6.5.15 ECP Extended Auxiliary Status Register (EAR) 
Upon reset, this register is initialized to 00h. 


g ECP Extended Auxiliary 
Status Register (EAR) 
Offset 405h 


7 6 5 4 3 2 


Reserved 


— FIFO Tag 


FIGURE 6-29. EAR Register Bitmap 
Bits 6-0 - Reserved 


Bit 7 - FIFO Tag 


Read only. In mode 011, when bit 5 of the DCR is 1 
(backward direction), this bit reflects the value of the tag 
bit (BUSY status) of the word currently in the bottom of 
the FIFO. 


In other modes this bit is indeterminate. 
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6.5.16 Control0 Register 
Upon reset, this register is initialized to 00h. 


7 6 5 4 3 2 1 


PoToToayo ToT oo] rece 
PEE TT JReauirea 


EPP Time-Out 
Interrupt Mask 
Reserved 
Reserved 
Reserved 
Freeze Bit 
DCR Register Live 
— Reserved 
__ Reserved 


Control0 Register 
Second Level 
Offset 00h 


FIGURE 6-30. Control0 Register Bitmap 


Bit 0 - EPP Time-Out Interrupt Mask 
0: The EPP time-out is masked. 
1: The EPP time-out is generated. 


Bit 3-1 - Reserved 


Bit 4 - Freeze Bit 


In mode 011, setting this bit to 1 freezes part of the in- 
terface with the peripheral device, and clearing this bit to 
0 releases and initializes it. 


In all other modes the value of this bit is ignored. 


Bit 5 - DCR Register Live 


When this bit is 1, reading DCR (see Section 6.5.6 "ECP 
Control Register (DCR)" on page 148) reads the inter- 
face control lines pin values regardless of the mode se- 
lected. 

Otherwise, reading the DCR reads the content of the 
register. 


Bits 7, 6 - Reserved 


6.5.17 Control2 Register 
Upon reset, this register is initialized to 00h. 


7 6 5 4 3 2 +1 


PoToToTeyo To] oo] Rese 
PE TE TT TT  fReauirea 


Reserved 
Reserved 


Reserved 


EPP 1.7 ZWS Control 
Revision 1.7 or 1.9 Select 
Reserved 
'— Channel Address Enable 
'— SPP Compatability 


Control2 Register 
Second Level 
Offset 02h 


FIGURE 6-31. Control2 Register Bitmap 
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Bits 2-0 - Reserved 


Bit 3 - EPP 1.7 ZWS Control 


Upon reset this bit is initialized to 0. This bit controls as- 
sertion of ZWS on EPP 1.7 access. 


There is no ZWS assertion on SPP and on EPP 1.9 ac- 
cess. ZWS is always asserted on ECP access. 


Control of ZWS assertion on parallel port access, except 
in EPP mode, is done via the Superl/O Configuration 1 
register. See Section 2.4.3 "Superl/O Configuration 1 
Register (SIOC1)" on page 37. 


0: ZWS not asserted on EPP 1.7 access. 
1: ZWS asserted on EPP 1.7 access. 


Bit 4 - EPP 1.7/1.9 Select 
Selects EPP version 1.7 or 1.9. 
0: EPP version 1.7. 
1: EPP version 1.9. 


Bit 5 - Reserved 


Bit 6 - Channel Address Enable 
When this bit is 1, mode is 011, direction is backward, 
there is an input command (BUSY is 0), and bit 7 of the 
data is 1, the command is written into the FIFO. 


Bit 7 - SPP Compatibility 

See “Bits 7-5 - ECP Mode Control’ on page 151 for a de- 

scription of each mode. 

0: Modes 000, 001 and 100 are identical to ECP. 

1: Modes 000 and 001 of the ECP are identical with 
Compatible and Extended modes of the SPP (see 
Section 6.1 "PARALLEL PORT CONFIGURATION" 
on page 137), and mode 100 of the ECP is com- 
patible with EPP mode. 

Modes 000, 001 and 100 differ as follows: 

000, 001 and 100 — Reading DCR returns pin values of 
bits 3-0. 

000 and 001 — Reading DCR returns 1 for bit 5. 

000, or 001 or 100 when bit 5 of DCR is 0 (forward di- 


rection) — Reading DATAR returns register latched 
value instead of pin values. 


000, 001, and 100, when bit 4 of DCR is 0 — IRQx is 
floated. 

001 — IRQx is a level interrupt generated on the trailing 
edge of ACK. Bit 2 of the DSR is the IRQ status bit 
(same behavior as bit 2 of the STR). 


6.5.18 Control4 Register 
Upon reset this register is initialized to 00000111. 


This register enables control of the fairness mechanism of 
the DMA by programming the maximum number of bus cy- 
cles that the parallel port DMA request signals can remain 
active, and the minimum number of clock cycles that they 
will remain inactive after they were deactivated. 
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765 432 Control4 Register 


Second Level 
Offset 04h 


bee DMA Request 


Active Time 
Reserved 


ES we DMA Reauest Inactive Time 


'— Reserved 


FIGURE 6-32. Control4 Register Bitmap 


Bits 2- 0 - Parallel Port DMA Request Active Time 


This field specifies the maximum number of consecutive 
bus cycles that the parallel port DMA signals can remain 
active. 


The default value is 111, which specifies 32 cycles. 
When these bits are 0, the number is 1 cycle. 


Otherwise, the number is 4(n+1) where n is the value of 
these bits. 


Bit 3 - Reserved 


Bits 6-4 - Parallel Port DMA Request Inactive Time 


This field specifies the minimum number of clock cycles 
that the parallel port DMA signals remain inactive after 
being deactivated by the fairness mechanism. 


The default value is 000, which specifies 8 clock cycles. 


Otherwise, the number of clock cycles is 8 + 32n, where 
nis the value of these bits. 


Bit 7 - Reserved 


6.5.19 PP ConfgO Register 
Upon reset this register is initialized to OOh. 


765 43 2 1 PP ConfgO Register 


ro[o] 6[o]o[ 6 [0] al Reset Second Level 
TTT Tf TTY Jreauirea Offset 05h 


ECP DMA Channel Number 
PE Internal Pull-up or Pull-down 


ECP IRQ Number 


~Demand DMA Enable 
— Bit 3 of CNFGA 


FIGURE 6-33. PP ConfgO Register Bitmap 


Bits 1, 0 - ECP DMA Channel Number 
These bits identify the ECP DMA channel number, as 
reflected on bits 1 and 0 of the ECP CNFGB register. 
See Section 6.5.11 "Configuration Register B (CNFGB)" 
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on page 149. Actual ECP DMA routing is controlled by 
the DMA channel select register (index 74h) of this log- 
ical device. 


Microsoft's ECP protocol and ISA interface standard de- 
fine bits 1 and 0 of CNFGB as shown in TABLE 6-7 
"ECP Mode DMA Selection" on page 150. 


Bit 2 - Paper End (PE) Internal Pull-up or Pull-down 
Resistor Select 


0: PE has a nominal 25 KQ internal pull-down resis- 
tor. 


1: PE has a nominal 25 KQ internal pull-up resistor. 


Bits 5- 3 - ECP IRQ Number 


These bits identify the ECP IRQ number, as reflected on 
bits 5 through 3 of the ECP CNFGB register. See Sec- 
tion 6.5.11 "Configuration Register B (CNFGB)" on 
page 149. Actual ECP IRQ routing is controlled by inter- 
rupt select register (index 70h) of this logical device. 


Microsoft's ECP protocol and ISA interface standard de- 
fines bits 5 through 3 of CNFGB, as shown in TABLE 
6-8 "ECP Mode Interrupt Selection" on page 150. 


Bit 6 - Demand DMA Enable 


If enabled, DRQ is asserted when a FIFO threshold of 4 
is reached or when flush-time-out expires, except when 
DMA fairness prevents DRQ assertion. The threshold of 
4 is for four empty entries forward and for four valid en- 
tries backward. 


Once DRQ is asserted, it is held asserted for four DMA 
transfers, as long as the FIFO is able to process these 
four transfers, i.e., FIFO not empty backward. 


When these four transfers are done, the DRQ behaves 
as follows: 


— If DMA fairness prevents DRQ assertion (as in the 
case of 32 consecutive DMA transfers) then DRQ 
becomes low. 


— If the FIFO is not able to process another four trans- 
fers (below threshold), then DRQ is becomes low. 


— lf the FIFO is able to process another four transfers 
(still above the threshold and no fairness to prevent 
DRQ assertion), then DRQ is held asserted as de- 
tailed above. 


The flush time-out is an 8-bit counter that counts 256 
clocks of 24 MHz and triggers DRQ assertion when the 
terminal-count is reached, i.e., when flush time-out ex- 
pires). The counter is enabled for counting backward 
when the peripheral state machine writes a byte and 
DRQ is not asserted. Once enabled, it counts the 24 
MHz clocks. The counter is reset and disabled when 
DRQ is asserted. The counter is also reset and disabled 
for counting forward and when demand the DMA is dis- 
abled. 


This mechanism is reset whenever ECP mode is 
changed, the same way the FIFO is flushed in this case. 


0: Disabled. 
1: Enabled. 


Bit 7 - Bit 3 of CNFGA 


This bit may be utilized by the user. The value of this bit 
is reflected on bit 3 of the ECP CNFGA register. 
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6.6 DETAILED ECP MODE DESCRIPTIONS 


TABLE 6-11 "ECP Modes" on page 155 summarizes the 
functionality of the ECP in each mode. The following Sec- 
tions describe how the ECP functions in each mode, in de- 
tail. 
6.6.1 Software Controlled Data Transfer 
(Modes 000 and 001) 


Software controlled data transfer is supported in modes 000 
and 001. The software generates peripheral-device cycles 
by modifying the DATAR and DCR registers and reading 
the DSR, DCR and DATAR registers. The negotiation 
phase and nibble mode transfer, as defined in the IEEE 
1284 standard, are performed in these modes. 


In these modes the FIFO is reset (empty) and is not func- 
tional, the DMA and RLE are idle. 


Mode 000 is for the forward direction only; the direction bit 
(bit 5 of DCR) is forced to 0 and PD7-0 are driven. Mode 001 
is for both the forward and backward directions. The direc- 
tion bit controls whether or not pins PD7-0 are driven. 
6.6.2 Automatic Data Transfer 
(Modes 010 and 011) 


Automatic data transfer (ECP cycles generated by hard- 
ware) is supported only in modes 010 and 011 (Parallel Port 
and ECP FIFO modes). Automatic DMA access to fill or 
empty the FIFO is supported in modes 010, 011 and 110. 
Mode 010 is for the forward direction only; the direction bit 
is forced to 0 and PD7-0 are driven. Mode 011 is for both 
the forward and backward directions. The direction bit con- 
trols whether PD7-0 are driven. 


Automatic Run Length Expanding (RLE) is supported in the 
backward direction. 


Forward Direction (Bit 5 of DCR = 0) 


When the ECP is in forward direction and the FIFO is not full 
(bit 1 of ECR is 0) the FIFO can be filled by software writes 
to the FIFO registers (AFIFO and DFIFO in mode 011, and 
CFIFO in mode 010). 


When DMaA is enabled (bit 3 of ECR is 1 and bit 2 of ECR is 
0) the ECP automatically issues DMA requests to fill the 
FIFO with data bytes (not including command bytes). 


When the ECP is in forward direction and the FIFO is not 
empty (bit 0 of ECR is 0) the ECP pops a byte from the FIFO 
and issues a write signal to the peripheral device. The ECP 
drives AFD according to the operation mode (bits 7-5 of 
ECR) and according to the tag of the popped byte as fol- 
lows: 


© In Parallel Port FIFO mode (mode 010) AFD is con- 
trolled by bit 1 of DCR. 


© In ECP mode (mode 011) AFD is controlled by the 


popped tag. AFD is driven high for normal data bytes 
and driven low for command bytes. 


ECP (Forward) Write Cycle 


An ECP write cycle starts when the ECP drives the popped 
tag onto AFD and the popped byte onto PD7-0. When 
BUSY is low the ECP asserts STB. In 010 mode the ECP 
deactivates STB to terminate the write cycle. In 011 mode 
the ECP waits for BUSY to be high. 


When BUSY is high, the ECP deactivates STB, and chang- 
es AFD and PD7-0 only after BUSY is low. 


ECP Mode 
(ECR Bits) 


7 6 5 


ECP Mode 
Name 
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TABLE 6-11. ECP Modes 


Operation Description 


0 0 O 


Standard 


Write cycles are under software control. 

STB, AFD, INIT and SLIN are open-drain output signals. 

Bit 5 of DCR is forced to 0 (forward direction) and PD7-0 are driven. 
The FIFO is reset (empty). 

Reading DATAR returns the last value written to DATAR. 


Read and write cycles are under software control. 
The FIFO is reset (empty). 
STB, AFD, INIT and SLIN are push-pull output signals. 


Parallel Port 
FIFO 


Write cycles are automatic, i.e., under hardware control (STB is controlled by hardware). 
Bit 5 of DCR is forced to 0 internally (forward direction) and PD7-0 are driven. 
STB, AFD, INIT and SLIN are push-pull output signals. 


ECP FIFO 


The FIFO direction is automatic, i.e., controlled by bit 5 of DCR. 


Read and write cycles to the device are controlled by hardware (STB and AFD 
controlled by hardware). 


STB, AFD, INIT and SLIN are push-pull output signals. 


are 


EPP mode is enabled by bits 7 through 5 of the Superl/O Parallel Port Configuration 
register, as described in Section 2.7.1. 

In this mode, registers DATAR, DSR, and DCR are used as registers at offsets 00h, 01h and 
02h of the EPP instead of registers DTR, STR, and CTR. 

STB, AFD, INIT, and SLIN are push-pull output buffers. 

When there is no access to one of the EPP registers (ADDR, DATAO, DATA1, DATA2 or 
DATA3), mode 100 behaves like mode 001, i.e., software can perform read and write cycles. 


The software should check that bit 7 of the DSR is 1 before reading or writing the DATAR 
register, to avoid corrupting an ongoing EPP cycle. 


Reserved 
FIFO Test 


Configuration 


The FIFO is accessible via the TFIFO register. 
The ECP does not issue ECP cycles to fill or empty the FIFO. 


CNFGA and CNFGB registers are accessible. 


to expand the next byte read). Following an RLC read the 
ECP issues a read cycle from the peripheral device to read 
the data byte to be expanded. This byte is considered a 
data byte, regardless of its BUSY state (even if it is low). 
This byte is pushed into the FIFO (RLC+1) times (e.g. for 
RLC=0, push the byte once. For RLC=127 push the byte 
128 times). 


When the ECP is in the backward direction, and the FIFO is 
not empty (bit 0 of ECR is 0), the FIFO can be emptied by 
software reads from the FIFO register (true only for the 


FIGURE 6-34. ECP Forward Write Cycle 


Backward Direction (Bit 5 of DCR is 1) 


When the ECP is in the backward direction, and the FIFO is 
not full (bit 1 of ECR is 0), the ECP issues a read cycle to 
the peripheral device and monitors the BUSY signal. If 
BUSY is high the byte is a data byte and itis pushed into the 
FIFO. If BUSY is low the byte is a command byte. 


The ECP checks bit 7 of the command byte. If it is high the 
byte is ignored, if it is low the byte is tagged as an RLC byte 
(not pushed into the FIFO but used as a Run Length Count 
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TFIFO in mode 011, not for AFIFO or CFIFO reads). 


When DMA is enabled (bit 3 of ECR is 1 and bit 2 of ECR is 
0) the ECP automatically issues DMA requests to empty the 
FIFO (only in mode 011). 


ECP (Backward) Read Cycle 


An ECP read cycle starts when the ECP drives AFD low. 


The peripheral device drives BUSY high for a normal data 
read cycle, or drives BUSY low for a command read cycle, 
and drives the byte to be read onto PD7-0. 
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When ACK is asserted the ECP drives AFD high. When 
AFD is high the peripheral device deasserts ACK. The ECP 
reads the PD7-0 byte, then drives AFD low. When AFD is 
low the peripheral device may change BUSY and PD7-0 
states in preparation for the next cycle 


PD7-0 


FIGURE 6-35. ECP (Backward) Read Cycle 
Notes: 


1. FIFO-full condition is checked before every expanded 
byte push. 


. Switching from modes 010 or 011 to other modes re- 
moves pending DMA requests and aborts pending RLE 
expansion. 


. FIFO pushes and pops are neither synchronized nor 
linked at the hardware level. The FIFO will not delay 
these operations, even if performed concurrently. Care 
must be taken by the programmer to utilize the empty 
and full FIFO status bits to avoid corrupting PD7-0 or 
D7-0 while a previous FIFO port access not complete. 


In the forward direction, the empty bit is updated when 
the ECP cycle is completed, not when the last byte is 
popped from the FIFO (valid cleared on cycle end). 


. ZWS is not asserted for DMA cycles. 


. The one-bit command/data tag is used only in the for- 
ward direction. 
6.6.3. Automatic Address and Data Transfers 
(Mode 100) 


Automatic address and data transfer (EPP cycles generat- 
ed by hardware) is supported in mode 100. Fast transfers 
are achieved by automatically generating the address and 
data strobes. 


In this mode, the FIFO is reset (empty) and is not functional, 
the DMA and RLE are idle. 


The direction of the automatic data transfers is determined 
by the RD and WR signals. The direction of software data 
transfer can be forward or backward, depending on bit 5 of 
the DCR. Bit 5 of the DCR determines the default direction 
of the data transfers only when there is no on-going EPP cy- 
cles. 


In EPP mode 100, registers DATAR, DSR and DCR are 
used instead of DTR, STR and CTR respectively. 


Some differences are caused by the registers. Reading DA- 
TAR returns pins values instead of register value returned 
when reading DTR. Reading DSR returns register value in- 
stead of pins values returned when reading STR. Writing to 
the DATAR during an on-going EPP 1.9 forward cycle (i.e. 
- when bit 7 of DSR is 1) causes the new data to appear im- 
mediately on PD7-0, instead of waiting for BUSY to become 
low to switch PD7-0 to the new data when writing to the 
DTR. 


In addition, the bit 4 of the DCR functions differently relative 
to bit 4 of the CTR (IRQ float). 
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6.6.4 FIFO Test Access (Mode 110) 


Mode 110 is for testing the FIFO in PIO and DMA cycles. 
Both read and write operations (pop and push) are support- 
ed, regardless of the direction bit. 

In the forward direction PD7-0 are driven, but the data is un- 
defined. This mode can be used to measure the system- 
ECP cycle throughput, usually with DMA cycles. This mode 
can also be used to check the FIFO depth and its interrupt 
threshold, usually with PIO cycles. 


6.6.5 Configuration Registers Access 


(Mode 111) 


The two configuration registers, CNFGA and CNFGB, are 
accessible only in this mode. 


6.6.6 


An interrupt is generated when any of the events described 
in this section occurs. Interrupt events 2, 3 and 4 are level 
events. They are shaped as interrupt pulses, and are 
masked (inactive) when the ECP clock is frozen. 

Event 1 


Bit 2 of ECR is 0, bit 3 of ECR is 1 and TC is asserted 
during ECP DMA cycle. Interrupt event 1 is a pulse 
event. 

Event 2 


Bit 2 of ECR is 0, bit 3 of ECR is 0, bit 5 of DCR is 0 and 
there are eight or more bytes free in the FIFO. 


This event includes the case when bit 2 of ECR is 
cleared to 0 and there are already eight or more bytes 
free in the FIFO (modes 010, 011 and 110 only). 

Event 3 


Bit 2 of ECR is 0, bit 3 of ECR is 0, bit 5 of DCR is 1 and 
there are eight or more bytes to be read from the FIFO. 


This event includes the case when bit 2 of ECR is 

cleared to 0 and there are already eight or more bytes 

to be read from the FIFO (modes 011 and 110 only). 
Event 4 


Bit 4 of ECR is 0 and ERR is asserted (high to low edge) 
or ERR is asserted when bit 4 of ECR is modified from 
1 to 0. 


This event may be lost when the ECP clock is frozen. 
Event 5 

When bit 4 of DCR is 1 and ACK is deasserted (low-to- 

high edge). 

This event behaves as in the normal SPP mode, i.e., the 

IRQ signal follows the ACK signal transition. 


Interrupt Generation 


6.7 PARALLEL PORT REGISTER BITMAPS 
6.7.1 EPP Modes 


765432 1 SPP or EPP Data 
Register (DTR) 


Offset 00h 


SPP or EPP Status 
Register(STR) 
Offset 01h 


Time-Out Status 

Reserved 
IRQ Status 
ERR Status 
SLCT Status 
PE Status 
'— ACK Status 
'— Printer Status 


7 6 5 4 3 2 +1 SPP or EPP Control 
Register (CTR) 


Offset 02h 


Data Strobe Control 
Automatic Line Feed Control 
Printer Initialization Control 
Parallel Port Input Control 
Interrupt Enable 
Direction Control 
-__ Reserved 
L__ Reserved 


7 6 5 4 3 2 1 =«0 EPP Address 
Register 


Offset 03h 


EPP Device or 
Register Selection 
Address Bits 


7 6 5 4 3 2 1 EPP Data 
Register 0 


Offset 04h 


EPP Device 
Read or Write Data 


EPP Data 
Register 1 
Offset 05h 


PE ET TY Reauires 


EPP Device 
Read or Write Data 


EPP Data 
Register 2 
Offset 06h 


EPP Device 
Read or Write Data 


EPP Data 
Register 3 
Offset 07h 


EPP Device 
Read or Write Data 
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6.7.2 ECP Modes 


Bits 7-5 of aie 000 or 001 
765 432 | ECP Data Register 


roToToToTo[o oo rigsel Sire DO0k 
PTT TT Lf Jreauirea 


Bits 7-5 of ECR = 011 
7 6 5 4 3 2 1:0 ECP Address Register 


fo} 0] of 0} 0] 0] 0] o}reset bien poe 


7 65 432 1 ECP Status Register 
R 


i a Reset 
PE TY fReauirea 


Offset 001h 


EPP Time-Out Status 

Reserved 
Reserved 
ERR Status 
SLCT Status 
PE Status 
'_ ACK Status 
'— Printer Status 


7 6 5 4 3 2 1 ECP Control 
Register (DCR) 


Offset 002h 


Data Strobe Control 
Automatic Line Feed Control 
Printer Initialization Control 
Parallel Port Input Control 
Interrupt Enable 

Direction Control 

— Reserved 

'— Reserved 
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Bits 7-5 of ECR = 010 
7 6 5 4 3 2 4 earellel pon 
royoy [ooo oT o Roget eo at sunk 
PP ET TT | | JRequirea 


Bits 7-5 of re 011 
ECP Data FIFO 


reToTo[eyo[o] oo Reset Register (DFIFO) 


Offset 400h 


Bits 7-5 of ECR = 110 


7 6 5 4 3 2 1 Test FIFO 
Register (TFIFO) 


Offset 400h 


Bits 7-5 of ECR = 111 
7 6 5 4 3 2 1 0 Configuration Register A 


fo} 0} of 4] 0] 1] 0] o}reset Gtestaonr 
fofojoj4| | 10] o}Required 


Always 0 
Always 0 
Always 1 
Bit 7 of PP ConfgO 
Always 1 

Always 0 

— Always 0 

— Always 0 


Bits 7-5 of ECR = 111 
7 6 5 4 3 2 1 0 Configuration Register B 


fof o[ojolojolojo Fesel Bho far : 
PT JReauirea 


DMA Channel Select 
Reserved 


SF temrupt Select 


— IRQ Signal Value 
— Reserved 


7 6 5 4 3 2 +1 


PpePep yey Ty Reset 
PE TT | Y fReauirea 


Extended Control 
Register(ECR) 
Offset 402h 


FIFO Empty 
FIFO Full 
ECP Interrupt Service 
ECP DMA Enable 
ECP Interrupt Mask 


| Dies Mode Control 


7 6 5 4 3 2 1 ECP Extended Index 


PoToToToToT oop ofreet w Offset 403h 
PE TT TT JReauirea 


oe Level Offset 


Reserved 
Reserved 
Reserved 
'_ Reserved 
'— Reserved 


ECP Extended Data 
Register (EDR) 
Offset 404h 


g ECP Extended Auxiliary 
Status Register (EAR) 
Offset 405h 


7 6 5 4 3 2 1 


Reserved 


'— FIFO Tag 


765 43 2 | Control Register 
Second Level 


Offset 00h 


EPP Time-Out 
Interrupt Mask 
Reserved 
Reserved 
Reserved 
Freeze Bit 


DCR Register Live 


L_ Reserved 


7 56: 2b: 4B D4 
roToToTo [ooo] Reset 
PT ET | tT Requires 


Reserved 
Reserved 
Reserved 
EPP 1.7 ZWS Control 

Revision 1.7 or 1.9 Select 
Reserved 
— Channel Address Enable 
— SPP Compatability 


Control2 Register 
Second Level 
Offset 02h 
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6.8 PARALLEL PORT PIN/SIGNAL LIST 
TABLE 6-12 "Parallel Port Pinout" shows the standard 25-pin, D-type connector definition for parallel port operations. 
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TABLE 6-12. Parallel Port Pinout 


Connector Pin 


EPP Mode 


=e 


WRITE 


PDO 


PD1 


PD2 
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7.0 Enhanced Serial Port with IR - 
UART2 (Logical Device 5) 


UART2 supports standard 16450/16550, Enhanced UART 
and InfraRed (IR) modes. 


This module provides advanced, versatile serial communi- 
cations features with infrared capabilities. It supports four 
modes of operation: UART, Sharp-IR, IrDA 1.0 SIR (hereaf- 
ter called SIR) and Consumer-IR (also called TV-Remote or 
Consumer remote-control). In UART mode, the module can 
function as a standard 16450 or 16550, or as an Extended 
UART. 


Existing 16550-based legacy software is completely and 
transparently supported. Module organization and specific 
fallback mechanisms switch the module to 16550 compati- 
bility mode upon reset or when initialized by 16550 soft- 
ware. 


The module includes two DMA channels that can support all 
operational modes. The device can use either 1 or 2 DMA 
channels. One channel is required for infrared based appli- 
cations since infrared communications work in half duplex 
fashion. Two channels would normally be needed to handle 
high-speed full duplex UART based applications. 


7.1. FEATURES 

Fully compatible with 16550 and 16450 devices 
Automatic fallback to 16550 compatibility mode 
Extended UART mode 

UART baud rates up to 1.5 Mbps 


Sharp-IR with selectable internal or external modula- 
tion/demodulation 


IrDA 1.0 SIR with data rates up to 115.2 Kbps 
Consumer-IR (TV-Remote) mode 


Full duplex infrared capability for diagnostics 


Transmission deferral (in Consumer-IR mode) 


Selectable 16-level transmission and reception FIFOs 
(RX_FIFO & TX_FIFO respectively) 


Multiple optical transceiver support 
Automatic or manual transceiver configuration 


Support for Plug-n-Play infrared adapters 


7.2 FUNCTIONAL MODES OVERVIEW 


This multi-mode module can be configured to act as any 
one of several different functions. Although each mode is 
unique, certain system resources and features are common 
to some or to all modes. 


7.2.1 UART Modes: 16450 or 16550, and Extended 


UART modes support serial data communications with a re- 
mote peripheral device or modem using a wired interface. 
The device transmits and receives data concurrently in full- 
duplex operation, performing parallel-to-serial and serial-to- 
parallel conversion and other functions required to ex- 
change parallel data with the system. It also interfaces with 
external devices using a programmable serial communica- 
tions format. 
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The following UART modes are supported: 
® 16450 or 16550 mode (Non-Extended modes) 


© Extended mode 


The 16450 or 16550 mode is functionally and software- 
compatible with the standard 16450 or 16550 UARTs. This 
is the default mode of operation after power up, after reset 
or when initialized by software written for the 16450 or 
16550 UART (Special mechanisms switch the module auto- 
matically to 16550 UART mode when standard 16550 soft- 
ware is run). 


The 16550 UART mode has all the features of the 16450 
mode, with the addition of 16-byte data FIFOs for more effi- 
cient data I/O. 


In Extended mode, additional features become available 
that enhance the UART performance, such as additional in- 
terrupts and DMA ability (see “Extended UART Mode” on 
page 163). 


The UART supports baud rates of up to 115.2 Kbps in 16450 
or 16550 mode, and up to 1.5 Mbps in Extended mode. 


7.2.2 Sharp-IR, IrDA SIR Infrared Modes 


The Sharp-IR mode provides bidirectional communication 
by transmitting and receiving infrared radiation. In this 
mode, infrared |/O circuits was added to the UART, which 
operates at 38.4 Kbps in half-duplex, using normal UART 
serial data formats with Digital Amplitude Shift Keying 
(DASK) modulation. The modulation/demodulation can be 
operated internally or externally. 


In SIR mode, the system functions similarly to the Sharp-IR 
mode, but at 115.2 Kbps. 


7.2.3 


Consumer-IR mode supports all the protocols presently 
used in remote-controlled home entertainment equipment: 
RC-5, RC-6, RECS 80, NEC and RCA. The serial format is 
not compatible with UART operation, and specific circuitry 
performs all the hardware tasks required for signal condi- 
tioning and formatting. The software is responsible for the 
generation of the infrared code to be transmitted, and for the 
interpretation of the received code. 


Consumer IR Mode 


7.3. REGISTER BANK OVERVIEW 


Eight register banks, each containing eight registers, con- 
trol UART operation. All registers use the same 8-byte ad- 
dress space to indicate offsets 00h through 07h, and the 
active bank must be selected by the software. 


The register bank organization enables access to the banks 
as required for activation of all module modes, while main- 
taining transparent compatibility with 16450 or 16550 soft- 
ware, which activates only the registers and specific bits 
used in those devices. For details, See Section 7.4. 


The Bank Selection Register (BSR) selects the active bank 
and is common to all banks. See Figure 7-1. Therefore, 
each bank defines seven new registers. 
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BANK 1 
BANK 0 


Offset 07h 


Offset 06h 


Offset 05h 


Offset 04h 


LCR/BSR 
Offset 02h 


Offset O1h 


Common 
Register 
Throughout 
All Banks 


ae, Banks 


FIGURE 7-1. Register Bank Architecture 


Offset 00h 


The default bank selection after system reset is 0, which 
places the module in the UART 16550 mode. Additionally, 
setting the baud in bank 1 (as required to initialize the 16550 
UART) switches the module to a Non-Extended UART 
mode. This ensures that running existing 16550 software 
will switch the system to the 16550 configuration without 
software modification. 


Table 7-1 shows the main functions of the registers in each 
bank. Banks 0-3 control both UART and infrared modes of 
operation; banks 4-7 control and configure the infrared 
modes only. 


TABLE 7-1. Register Bank Summary 


IR 


UART Mode 


Main Functions 


Global Control and Status 


v ¥ 


Legacy Bank 


Baud Generator Divisor, 
Extended Control and Status 


Module Revision ID and 
Shadow Registers 


v 
v 
v 


IR mode setup 


Infrared Control 


Infrared Physical Layer 
Configuration 


Consumer-IR and Optical 
Transceiver Configuration 
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Banks 0 and 1 are the 16550 register banks. The registers 
in these banks are equivalent to the registers contained 
in the 16550 UARTs and are accessed by 16550 soft- 
ware drivers as if the module was a 16550. Bank 1 con- 
tains the legacy Baud Generator Divisor Ports. Bank 0 
registers control all other aspects of the UART function, 
including data transfers, format setup parameters, inter- 
rupt setup and status monitoring. 


Bank 2 contains the non-legacy Baud Generator Divisor 
Ports, and controls the extended features special to this 
UART, that are not included in the 16550 repertoire. 
These include DMA usage. See "Extended UART 
Mode” on page 163. 


Bank 3 contains the Module Revision ID and shadow regis- 
ters. The Module Revision ID (MRID) register contains 
a code that identifies the revision of the module when 
read by software. The shadow registers contain the 
identical content as reset-when-read registers within 
bank 0. Reading their contents from the shadow regis- 
ters lets the system read the register content without re- 
setting them. 


Bank 4 contains setup parameters for the Infra-red modes. 


Bank 5 registers control infrared parameters related to the 
logical system I/O parameters. 


Bank 6 registers control physical characteristics involved 
in infrared communications (e.g. pulse width selection). 


Bank 7 registers are dedicated to Consumer-IR configura- 
tion and control. 


7.4 UART MODES —- DETAILED DESCRIPTION 


The UART modes support serial data communications with 
a remote peripheral device or modem using a wired inter- 
face. 


The module provides receive and transmit channels that 
can operate concurrently in full-duplex mode. This module 
performs all functions required to conduct parallel data in- 
terchange with the system and composite serial data ex- 
change with the external data channel, including: 


® Format conversion between the internal parallel data 
format and the external programmable composite seri- 
al format. See Figure 7-2. 


Serial data timing generation and recognition 


Parallel data interchange with the system using a 
choice of bi-directional data transfer mechanisms 


Status monitoring for all phases of the communica- 
tions activity 


The module supplies modem control registers, and a prior- 
itized interrupt system for efficient interrupt handling. 


7.4.1. 16450 or 16550 UART Mode 


The module defaults to 16450 mode after power up or reset. 
UART 16550 mode is equivalent to 16450 mode, with the 
addition of a 16-byte data FIFO for more efficient data I/O. 
Transparent compatibility is maintained with this UART 
mode in this module. 


Despite the many additions to the basic UART hardware 
and organization, the UART responds correctly to existing 
software drivers with no software modification required. 
When 16450 software initializes and addresses this mod- 
ule, it will in always perform as a 16450 device. 
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Data transfer takes place by use of data buffers that inter- 
face internally in parallel and with the external data channel 
in a serial format. 16-byte data FIFOs may reduce host 
overhead by enabling multiple-byte data transfers within a 
single interrupt. With FIFOs disabled, this module is equiv- 
alent to the standard 16450 UART. With FIFOs enabled, the 
hardware functions as a standard 16550 UART. 


The composite serial data stream interfaces with the data 
channel through signal conditioning circuitry such as 
TTL/RS232 converters, modem tone generators, etc. 


Data transfer is accompanied by software-generated con- 
trol signals, which may be utilized to activate the communi- 
cations channel and “handshake” with the remote device. 
These may be supplied directly by the UART, or generated 
by control interface circuits such as telephone dialing and 
answering circuits, etc. 


STARY-LSB- DATA 5-8 -MSB (PARITY STOP 


FIGURE 7-2. Composite Serial Data 


The composite serial data stream produced by the UART is 
illustrated in Figure 7-2. A data word containing five to eight 
bits is preceded by start bits and followed by an optional 
parity bit and a stop bit. The data is clocked out, LSB first, 
at a predetermined rate (the baud). 


The data word length, parity bit option, number of start bits 
and baud are programmable parameters. 


The UART includes a programmable Baud Generator that 
produces the baud clocks and associated timing signals for 
serial communication. 


The system can monitor this module status at any time. Sta- 
tus information includes the type and condition of the trans- 
fer operation in process, as well as any error conditions 
(e.g., parity, overrun, framing, or break interrupt). 


The module resources include modem control capability 
and a prioritized interrupt system. Interrupts can be pro- 
grammed to match system requirements, minimizing the 
CPU overhead required to handle the communications link. 


Programmable Baud Generator 


This module contains a programmable Baud Generator that 
generates the clock rates for serial data communication 
(both transmit and receive channels). It divides its input 
clock by any divisor value from 1 to 216.1 The output clock 
frequency of the Baud Generator must be programmed to 
be sixteen times the baud value. A 24 MHz input frequency 
is divided by a prescale value (PRESL field of EXCR2 - see 
page 180. Its default value is 13) and by a 16-bit program- 
mable divisor value contained in the Baud Generator Divi- 
sor High and Low registers (BGD(H) and BGD(L) - see page 
178). Each divisor value yields a clock signal (BOUT) anda 
further division by 16 produces the baud clock for the serial 
data stream. It may also be output as a test signal when en- 
abled (see bit 7 of EXCR1 on page 178.) 


These user-selectable parameters enable the user to gen- 
erate a large choice of serial data rates, including all stan- 
dard baud rates. A list of baud rates and their settings 
appears in Table 7-14 on page 178. 


Module Operation 


Before module operation can begin, both the communica- 
tions format and baud must be programmed by the soft- 
ware. The communications format is programmed by 
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loading a control byte into the LCR register, while the baud 
is selected by loading an appropriate value into the Baud 
Generator Divisor Registers and the divisor preselect val- 
ues (PRESL) into EXCR2 (see page 180). 


The software can read the status of the module at any time 
during operation. The status information includes full or 
empty state for both transmission and reception channels, 
and any other condition detected on the received data 
stream, like parity error, framing error, data overrun, or 
break event. 


7.4.2 | Extended UART Mode 


In Extended UART mode of operation, the module configu- 
ration changes and additional features become available 
which enhance UART capabilities. 


© The interrupt sources are no longer prioritized; they 
are presented bit-by-bit in the EIR (see page 168). 


® An auxiliary status and control register replaces the 
scratchpad register. It contains additional status and 
control flag bits (“Auxiliary Status and Control Register 
(ASCR)” on page 176). 


The TX_FIFO can generate interrupts when the num- 
ber of outgoing bytes in the TX_FIFO drops below a 
programmable threshold. In the Non-Extended UART 
modes, only reception FIFOs have the thresholding 
feature. 


DMA capability is available. 


Interrupts occur when the transmitter becomes empty 
or a DMA event occurs. 


7.5 SHARP-IR MODE — DETAILED DESCRIPTION 


This mode supports bidirectional data communication with 
a remote device using infrared radiation as the transmission 
medium. Sharp-IR uses Digital Amplitude Shift Keying 
(DASK) and allows serial communication at baud rates up 
to 38.4 Koaud. The format of the serial data is similar to the 
UART data format. Each data word is sent serially begin- 
ning with a zero value start bit, followed by up to eight data 
bits (LSB first), an optional parity bit, and ending with at 
least one stop bit with a binary value of one. A logical zero 
is signalled by sending a 500 KHz continuous pulse train of 
infrared radiation. A logical 1 is signalled by the absence of 
any infrared signal. This module can perform the modula- 
tion and demodulation operations internally, or can rely on 
the external optical module to perform them. 


Sharp-IR device operation is similar to the operation in 
UART mode, the main difference being that data transfer 
operations are normally performed in half duplex fashion, 
and the modem control and status signals are not used. Se- 
lection of the Sharp-IR mode is controlled by the Mode Se- 
lect (MDSL) bits in the MCR register when the module is in 
Extended mode, or by the IR_SL bits in the IRCR1 register 
when the module is not in extended mode. This prevents 
legacy software, running in non-extended mode, from spu- 
riously switching the module to UART mode, when the soft- 
ware writes to the MCR register. 


7.6 SIR MODE — DETAILED DESCRIPTION 


This operational mode supports bidirectional data commu- 
nication with a remote device using infrared radiation as the 
transmission medium. 


SIR allows serial communication at baud rates up to 
115.2 Kbuad. The serial data format is similar to the UART 
data format. Each data word is sent serially beginning with 
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a 0 value start bit, followed by eight data bits (LSB first), an 
optional parity bit, and ending with at least one stop bit with 
a binary value of 1. 


A zero value is signalled by sending a single infrared pulse. 
A one value is signalled by not sending any pulse. The width 
of each pulse can be either 1.6 usec or 3/16 of the time re- 
quired to transmit a single bit. (1.6 usec equals 3/16 of the 
time required to transmit a single bit at 115.2 Kbps). This 
way, each word begins with a pulse for the start bit. 


The module operation in SIR is similar to the operation in 
UART mode, the main difference being that data transfer 
operations are normally performed in half duplex fashion. 
Selection of the IrDA 1.0 SIR mode is controlled by the 
MDSL bits in the MCR register when the UART is in Extend- 
ed mode, or by the IR_SL bits in the IRCR1 register when 
the UART is not in Extended mode. This prevents legacy 
software, running in Non-Extended mode, from spuriously 
switching the module to UART mode, when the software 
writes to the MCR register. 


7.7 CONSUMER-IR MODE — DETAILED DESCRIPTION 


The Consumer-IR circuitry in this module is designed to op- 
timally support all the major protocols presently used in re- 
mote-controlled home entertainment equipment: RC-5, RC- 
6, RECS 80, NEC and RCA. 


This module, in conjunction with an external optical device, 
provides the physical layer functions necessary to support 
these protocols. These functions include: modulation, de- 
modulation, serialization, deserialization, data buffering, 
status reporting, interrupt generation, etc. 


The software is responsible for the generation of the infra- 
red code to be transmitted, and for the interpretation of the 
received code. 


7.7.1 


The code to be transmitted consists of a sequence of bytes 
that represent either a bit string or a set of run-length codes. 
The number of bits or run-length codes usually needed to 
represent each infrared code bit depends on the infrared 
protocol to be used. The RC-5 protocol, for example, needs 
two bits or between one and two run-length codes to repre- 
sent each infrared code bit. 


Consumer-IR Transmission 


Transmission is initiated when the CPU or DMA module 
writes code bytes into the empty TX_FIFO. Transmission is 
normally completed when the CPU sets the S_EOT bit in 
the ASCR register (See Section 7.11.10 on page 175), be- 
fore writing the last byte, or when the DMA controller acti- 
vates the TC (terminal count) signal. Transmission will also 
terminate if the CPU simply stops transferring data and the 
transmitter becomes empty. In this case, however, a trans- 
mitter-underrun condition will be generated, which must be 
cleared in order to begin the next transmission. 


The transmission bytes are either de-serialized or run- 
length encoded, and the resulting bit string modulates a car- 
rier signal and is sent to the transmitter LED. The transfer 
rate of this bit string, like in the UART mode, is determined 
by the value programmed in the Baud Generator Divisor 
Registers. Unlike a UART transmission, start, stop and par- 
ity bits are not included in the transmitted data stream. A 
logic 1 in the bit string keeps the LED off, so no infrared sig- 
nal is transmitted. A logic 0, generates a sequence of mod- 
ulating pulses which will turn on the transmitter LED. 
Frequency and pulse width of the modulating pulses are 
programmed by the MCFR and MCPW fields in the 
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IRTXMC register as well as the TXHSC bit in the RCCFG 
register. Sections 7.18.2 and 7.18.3 describe these regis- 
ters in detail. 


The RC_MMD field selects the transmitter modulation 
mode. If C_PLS mode is selected, modulating pulses are 
generated continuously for the entire logic 0 bit time. If 
6_PLS or 8 PLS mode is selected, six or eight pulses are 
generated each time a logic 0 bit is transmitted following a 
logic 1 bit. The total transmission time for the logic 0 bits 
must be equal-to or greater-than 6 or 8 times the period of 
the modulation subcarrier, otherwise, fewer pulses will be 
transmitted. 


C_PLS modulation mode is used for RC-5, RC-6, NEC and 
RCA protocols. 8_PLS or 6_PLS modulation mode is used 
for the RECS 80 protocol. The 8_PLS or 6_PLS mode al- 
lows minimization of the number of bits needed to represent 
the RECS 80 infrared code sequence. The current transmit- 
ter implementation supports only the modulated modes of 
the RECS 80 protocol. It does not support Flash mode. 


7.7.2 


The Consumer-IR receiver is significantly different from a 
UART receiver in two ways. Firstly, the incoming infrared 
signals are DASK modulated. Therefore, demodulation may 
be necessary. Secondly, there are no start bits in the incom- 
ing data stream. 


Consumer-IR Reception 


Whenever an infrared signal is detected, receiver opera- 
tions depend on whether or not receiver demodulation is en- 
abled. If demodulation is disabled, the receiver immediately 
becomes active. If demodulation is enabled, the receiver 
checks the carrier frequency of the incoming signal, and be- 
comes active only if the frequency is within the programmed 
range. Otherwise, the signal is ignored and no other action 
is taken. 


When the receiver enters the active state, the RXACT bit in 
the ASCR register is set to 1. Once in the active state, the 
receiver keeps sampling the infrared input signal and gen- 
erates a bit string where a logic 1 indicates an idle condition 
and a logic 0 indicates the presence of infrared energy. The 
infrared input is sampled regardless of the presence of in- 
frared pulses at a rate determined by the value loaded into 
the Baud Generator Divisor Registers. The received bit 
string is either de-serialized and assembled into 8-bit char- 
acters, or it is converted to run-length encoded values. The 
resulting data bytes are then transferred into the RX_FIFO. 


The receiver also sets the RXWDG bit in the ASCR register 
each time an infrared pulse signal is detected. This bit is au- 
tomatically cleared when the ASCR register is read, and it 
is intended to assist the software in determining when the 
infrared link has been idle for a certain time. The software 
can then stop the data reception by writing a 1 into the RX- 
ACT bit to clear it and return the receiver to the inactive 
state. 


The frequency bandwidth for the incoming modulated infra- 
red signal is selected by the DFR and DBW fields in the IR- 
RXDC register. 


There are two Consumer-IR reception data modes: “Over- 
sampled” and “Programmed T Period” mode. For either 
mode the sampling rate is determined by the setting of the 
Baud Generator Divisor Registers. 


The “Over-sampled” mode can be used with the receiver 
demodulator either enabled or disabled. It should be used 
with the demodulator disabled when a detailed snapshot of 
the incoming signal is needed, for example to determine the 
period of the carrier signal. If the demodulator is enabled, 
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the stream of samples can be used to reconstruct the in- 
coming bit string. To obtain good resolution, a fairly high 
sampling rate should be selected. 


The “Programmed-T-Period” mode should be used with the 
receiver demodulator enabled. The T Period represents 
one half bit time for protocols using biphase encoding, or 
the basic unit of pulse distance for protocols using pulse dis- 
tance encoding. The baud is usually programmed to match 
the T Period. For long periods of logic low or high, the re- 
ceiver samples the demodulated signal at the programmed 
sampling rate. 


Whenever a new infrared energy pulse is detected, the re- 
ceiver synchronizes the sampling process to the incoming 
signal timing. This reduces timing related errors and elimi- 
nates the possibility of missing short infrared pulse se- 
quences, especially with the RECS 80 protocol. 


In addition, the “Programmed-T-Period” sampling minimiz- 
es the amount of data used to represent the incoming infra- 
red signal, therefore reducing the processing overhead in 
the host CPU. 


7.8 FIFO TIME-OUTS 


Time-out mechanisms prevent received data from remain- 
ing in the RX_FIFO indefinitely, if the programmed interrupt 
or DMA thresholds are not reached. 


An RX_FIFO time-out generates a Receiver Data Ready in- 
terrupt and/or a receiver DMA request if bit 0 of IER and/or 
bit 2 of MCR (in Extended mode) are set to 1 respectively. 
An RX_FIFO time-out also sets bit 0 of ASCR to 1 if the 
RX_FIFO is below the threshold. When a Receiver Data 
Ready interrupt occurs, this bit is tested by the software to 
determine whether a number of bytes indicated by the 
RX_FIFO threshold can be read without checking bit O of 
the LSR register. 


The conditions that must exist for a time-out to occur in the 
various modes of operation are described below. 


When a time-out has occurred, it can only be reset when the 
FIFO is read by the CPU or DMA controller. 


7.8.1. UART, SIR or Sharp-IR Mode Time-Out Conditions 


Two timers (timer1 and timer 2) are used to generate two 
different time-out events (A and B, respectively). Timer 1 
times out after 64 usec. Timer 2 times out after four charac- 
ter times. 


Time-out event A generates an interrupt and sets the 
RXF_TOUT bit (bit 0 of ASCR) when all of the following are 
true: 


© At least one byte is in the RX_FIFO, and 


© More than 64 usec or four character times, whichever is 
greater, have elapsed since the last byte was loaded 
into the RX_FIFO from the receiver logic, and 


® More than 64 usec or four character times, whichever is 
greater, have elapsed since the last byte was read from 
the RX_FIFO by the CPU or DMA controller. 


Time-out event B activates the receiver DMA request and is 
invisible to the software. It occurs when all of the following 
are true: 


® Atleast one byte is in the RX_FIFO, and 


® More than 64 usec or four character times, whichever is 
smaller, have elapsed since the last byte was loaded 
into the RX_FIFO from the receiver logic, and 
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® More than 64 usec or four character times, whichever is 
smaller, have elapsed since the last byte was read from 
the RX_FIFO by the CPU or DMA controller. 


7.8.2 | Consumer-IR Mode Time-Out Conditions 


The RX_FIFO time-out, in Consumer-IR mode, is disabled 
while the receiver is active. It occurs when all of the follow- 
ing are true: 


© At least one byte has been in the RX_FIFO for 64 usec 
or more, and 


The receiver has been inactive (RXACT = 0) for 64 usec 
or more, and 


More than 64 usec have elapsed since the last byte was 
read from the RX_FIFO by the CPU or DMA controller. 


7.8.3 


This feature allows software to send high-speed data in Pro- 
grammed Input/Output (PIO) mode without the risk of gen- 
erating a transmitter underrun. 


Transmission Deferral 


Transmission deferral is available only in Extended mode 
and when the TX_FIFO is enabled. When transmission de- 
ferral is enabled (TX_DFR bit in the MCR register set to 1) 
and the transmitter becomes empty, an internal flag is set 
and locks the transmitter. If the CPU now writes data into 
the TX_FIFO, the transmitter does not start sending the 
data until the TX_FIFO level reaches 14 at which time the 
internal flag is cleared. The internal flag is also cleared and 
the transmitter starts transmitting when a time-out condition 
is reached. This prevents some bytes from being in the 
TX_FIFO indefinitely if the threshold is not reached. 


The time-out mechanism is implemented by a timer that is 
enabled when the internal flag is set and there is at least 
one byte in the TX_FIFO. Whenever a byte is loaded into 
the TX_FIFO the timer gets reloaded with the initial value. If 
no bytes are loaded for a 64-sec time, the timer times out 
and the internal flag is cleared, thus enabling the transmit- 
ter. 


7.9 AUTOMATIC FALLBACK TO A NON-EXTENDED 
UART MODE 


The automatic fallback feature supports existing legacy 
software packages that use the 16550 UART by automati- 
cally turning off any Extended mode features and switches 
the UART to Non-Extended mode when either of the LB- 
GD(L) or LBGD(H) ports in bank 1 is read from or written to 
by the CPU. 


This eliminates the need for user intervention prior to run- 
ning a legacy program. 


In order to avoid spurious fallbacks, alternate baud registers 
are provided in bank 2. Any program designed to take ad- 
vantage of the UART’s extended features, should not use 
LBGD(L) and LBGD(H) to change the baud. It should use 
the BGD(L) and BGD(H) registers instead. Access to these 
ports will not cause fallback. 
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Fallback can occur in any mode. In Extended UART mode, 
fallback is always enabled. In this case, when a fallback oc- 
curs, the following happens: 


Transmission and Reception FIFOs switch to 16 levels. 


A value of 13 is selected for the Baud Generator Pres- 
caler 


The BTEST and ETDLBK bits in the EXCR1 register 
are cleared. 


UART mode is selected. 


® A switch to a Non-Extended UART mode occurs. 


When a fallback occurs in a Non-Extended UART mode, the 
last two of the above actions do not take place. 


No switch to UART mode occurs if either SIR or Sharp-IR 
mode was selected. This prevents spurious switching to 
UART mode when a legacy program running in infrared 
mode accesses the Baud Generator Divisor Registers from 
bank 1. 


Fallback from a Non-Extended mode can be disabled by 
setting the LOCK bit in register EXCR2. When LOCK is set 
to 1 and the UART is in a Non-Extended mode, two scratch 
registers overlaid with LBGD(L) and LBGD(H) are enabled. 
Any attempted CPU access of LBGD(L) and LBGD(H) ac- 
cesses the scratch registers, and the baud setting is not af- 
fected. This feature allows existing legacy programs to run 
faster than 115.2 Kbps. 


7.10 OPTICAL TRANSCEIVER INTERFACE 


This module implements a flexible interface for the external 
infrared transceiver. Several signals are provided for this 
purpose. A transceiver module with one or two reception 


signals, or two transceiver modules can interface directly 
with this module without any additional logic. 


Since various operational modes are supported by this 
module, the transmitter power as well as the receiver filter 
in the transceiver module must be configured according to 
the selected mode. 


This module provides four interface pins to control the infra- 
red transceiver. ID/IRSL(2-0) are three I/O pins and ID3 is 
an Input pin. All of these pins are powered up as inputs. 


When in input mode, they can be used to read the identifi- 
cation data of Plug-n-Play infrared adapters. 


When in output mode, the logic levels of IRSL(2-0) can be 
either controlled directly by the software by setting bits 2-0 
of the IRCFG1 register, or they can be automatically select- 
ed by this module whenever the operation mode changes. 


The automatic transceiver configuration is enabled by set- 
ting the AMCFG bit (bit 7) in the IRCFG4 register to 1. It al- 
lows the low-level functional details of the transceiver 
module being used to be hidden from the software drivers. 


The operation mode settings for the automatic configuration 
are determined by various bit fields in the Infrared Interface 
Configuration registers (IRCFG[4-1]) that must be pro- 
grammed when the UART is initialized. 


The IDO/IRSLO/IRRX2 pin can also be used as an input to 
support an additional infrared reception signal. In this case, 
however, only two configuration pins are available. 


The IRSLO_DS and IRSL21_DS bits in the IRCFG4 register 
determines the direction of IRSL(2-0). 
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7.11 BANK 0 —- GLOBAL CONTROL AND STATUS 
REGISTERS 


In the Non-Extended modes of operation, bank 0 is compat- 
ible with both the 16450 and the 16550. Upon reset, this 
module defaults to the 16450 mode. In the Extended mode, 
all the Registers (except RXD/ TXD) offer additional fea- 
tures. 


TABLE 7-2. Bank 0 Serial Controller Base Registers 


Description 


Receiver Data Port/ Transmitter Data 
Port 


Interrupt Enable Register 


Event Identification Register/ 
FIFO Control Register 


Link Control Register/ 
Bank Select Register 


Modem Control Register 


Link Status Register 


Modem Status Register 


Scratch Register/ 


ASCR | Auxiliary Status and Control Register 


7.11.1. Receiver Data Port (RXD) or the Transmitter 


Data Port (TXD) 
These ports share the same address. 


RXD is accessed during CPU read cycles. It is used to read 
data from the Receiver Holding Register when the FIFOs 
are disabled, or from the bottom of the RX_FIFO when the 
FIFOs are enabled. See Figure 7-3. 


Receiver Data Port (RXD) 


Receiver Data 
Port (RXD) 
Bank 0, 
Offset 00h 


7 6 5 4 3 2 1 +0 
Reset 


Required 


Received Data 


FIGURE 7-3. RXD Register Bitmap 


Bits 7-0 - Received Data 


Used to access the Receiver Holding Register when the 
FIFOs are disabled, or the bottom of the RX_FIFO when 
the FIFOs are enabled. 
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TXD is accessed during CPU write cycles. It is used to write 
data to the Transmitter Holding Register when the FIFOs 
are disabled, or to the TX_FIFO when the FIFOs are en- 
abled. See Figure 7-4. 


DMA cycles always access the TXD and RXD ports, regard- 
less of the selected bank. 


Transmitter Data Port (TXD) 


Transmitter Data 
Port (TXD) 

Bank 0, 
Offset 00h 


Reset 


Required 


Transmitted Data 


FIGURE 7-4. TXD Register Bitmap 


Bits 7-0 - Transmitted Data 


Used to access the Transmitter Holding Register when 
the FIFOs are disabled or the top of TX_FIFO when the 
FIFOs are enabled. 


7.11.2 


This register controls the enabling of various interrupts. 
Some interrupts are common to all operating modes of the 
module, while others are mode specific. Bits 4 to 7 can be 
set in Extended mode only. They are cleared in Non-Ex- 
tended mode. The bits of the Interrupt Enable Register 
(IER) are defined differently, depending on the operating 
mode of the module. 


Interrupt Enable Register (IER) 


The different modes can be divided into the following four 
groups: 


® Non-Extended (which includes UART, Sharp-IR and 
SIR). 


© UART and Sharp-IR in Extended mode. 
® SIR in Extended mode. 


® Consumer-IR. 


The following sections describe the bits in this register for 
each of these modes. 


The reset mode for the IER is the Non-Extended UART 
mode. 


When edge-sensitive interrupt triggers are employed, user is 
advised to clear all IER bits immediately upon entering the in- 
terrupt service routine and to re-enable them prior to exiting 
(or alternatively, to disable CPU interrupts and re-enable pri- 
or to exiting). This will guarantee proper interrupt triggering in 
the interrupt controller in case one or more interrupt events 
occur during execution of the interrupt routine. 


If the LSR, MSR or EIR registers are to be polled, interrupt 
sources which are identified by self-clearing bits should 
have their corresponding IER bits set to 0, to prevent spuri- 
ous pulses on the interrupt output pin. 
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If an interrupt source must be disabled, the CPU can do so 
by clearing the corresponding bit in the IER register. How- 
ever, if an interrupt event occurs just before the correspond- 
ing enable bit in the IER register is cleared, a spurious 
interrupt may be generated. To avoid this problem, the 
clearing of any IER bit should be done during execution of 
the interrupt service routine. If the interrupt controller is pro- 
grammed for level-sensitive interrupts, the clearing of IER 
bits can also be performed outside the interrupt service rou- 
tine, but with the CPU interrupt disabled. 


Interrupt Enable Register (IER), in the Non-Extended 
Modes (UART, SIR and Sharp-IR) 


Upon reset, the IER supports UART, SIR and Sharp-IR in 
the Non-Extended modes. Figure 7-5 shows the bitmap of 
the Interrupt Enable Register in these modes. 

IER in Non-Extended Modes 


7 6 5 43 2 Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


Reserved 
Reserved 
— Reserved 
— Reserved 


FIGURE 7-5. IER Register Bitmap, Non-Extended Mode 


Bit 0 - Receiver High-Data-Level Interrupt Enable 
(RXHDL_IE) 


Setting this bit enables interrupts on Receiver High- 
Data-Level, or RX_FIFO Time-Out events (EIR Bits 3-0 
are 0100 or 1100. See Table 7-3 on page 169). 


0: Disable Receiver High-Data-Level and RX_FIFO 
Time-Out interrupts (Default). 


1: Enable Receiver High-Data-Level and RX_FIFO 
Time-Out interrupts. 


Bit 1 - Transmitter Low-Data-Level Interrupt Enable 
(TXLDL_IE) 


Setting this bit enables interrupts on Transmitter Low 

Data-Level-events (EIR Bits 3-0 are 0010. See Table 

7-3 on page 169). 

0: Disable Transmitter Low-Data-Level Interrupts (De- 
fault). 


1: Enable Transmitter Low-Data-Level Interrupts. 


Bit 2 - Link Status Interrupt Enable (LS_IE) 


Setting this bit enables interrupts on Link Status events. 
(EIR Bits 3-0 are 0110. See Table 7-3 on page 169). 


0: Disable Link Status Interrupts (LS_EV) (Default). 
1: Enable Link Status Interrupts (LS_EV). 


Bit 3 - Modem Status Interrupt Enable (MS_IE) 
Setting this bit enables the interrupts on Modem Status 
events. (EIR Bits 3-0 are 0000. See Table 7-3 on page 
169). 
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0 - Disable Modem Status Interrupts (MS_EV) (De- 
fault). 


1: Enable Modem Status Interrupts (MS_EV). 


Bits 7-4- Reserved 
These bits are reserved. 


Interrupt Enable Register (IER), in the Extended Modes 
of UART, Sharp-IR and SIR 


Figure 7-6 shows the bitmap of the Interrupt Enable Regis- 
ter in these modes. 


Extended Mode of UART, Sharp-IR and SIR 


7 6 5 4 3 2 Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


TXEMP_IE 
— Reserved 
— Reserved 


FIGURE 7-6. IER Register Bitmap, Extended Modes of 
UART and Sharp-IR 


Bit 0 - Receiver High-Data-Level Interrupt Enable 
(RXHDL_IE) 


Setting this bit enables interrupts when the RX_FIFO is 
equal to or above the RX_FIFO threshold level, or an 
RX_FIFO time out occurs. 


0: Disable Receiver Data Ready interrupt. (Default) 
1: Enable Receiver Data Ready interrupt. 


Bit 1 - Transmitter Low-Data-Level Interrupt Enable 
(TXLDL_IE) 


Setting this bit enables interrupts when the TX_FIFO is 

below the threshold level or the Transmitter Holding 

Register is empty. 

0: Disable Transmitter Low-Data-Level Interrupts (De- 
fault). 


1: Enable Transmitter Low-Data-Level Interrupts. 


Bit 2 - Link Status Interrupt Enable (LS_IE) 
Setting this bit enables interrupts on Link Status events. 
0: Disable Link Status Interrupts (LS_EV) (Default) 
1: Enable Link Status Interrupts (LS_EV). 


Bit 3 - Modem Status Interrupt Enable (MS_IE) 


Setting this bit enables the interrupts on Modem Status 

events. 

0: Disable Modem Status Interrupts (MS_EV) (De- 
fault) 


1: Enable Modem Status Interrupts (MS_EV). 
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Bit 4 - DMA Interrupt Enable (DMA_IE) 


Setting this bit enables the interrupt on terminal count 
when the DMA is enabled. 


0: Disable DMA terminal count interrupt (Default) 
1: Enable DMA terminal count interrupt. 


Bit 5 - Transmitter Empty Interrupt Enable (TXEMP_IE) 


Setting this bit enables interrupt generation if the trans- 
mitter and TX_FIFO become empty. 


0: Disable Transmitter Empty interrupts (Default) 
1: Enable Transmitter Empty interrupts. 


Bits 7,6 - Reserved 
Reserved. 


Interrupt Enable Register (IER), Consumer-IR Mode 


Figure 7-7 shows the bitmap of the Interrupt Enable Regis- 
ter (IER) in this mode. 


Consumer-IR Mode 
7 6 5 4 3 2 1 


[oO] 0] 0] 0] 0] 0] ofRese 
PL ET TY fReauirea 


RXHDL_IE 
TXLDL_IE 
LS_IE or TXUR_IE 
MS_IE 
DMA_IE 
TXEMP_IE 
'— Reserved 
— Reserved 


Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


FIGURE 7-7. IER Register Bitmap, Consumer-IR Mode 


Bit 1-0 - 


Same as in the Extended Modes of UART and Sharp-IR 
(See previous sections). 


Bit 2 - Link Status Interrupt Enable (LS_IE) or TX_FIFO 
Underrun Interrupt Enable (TXUR_IE) 
On reception, Setting this bit enables Link Status Interrupts. 
On transmission, Setting this bit enables TX_FIFO un- 
derrun interrupts. 
0: Disable Link Status and TX_FIFO underrun inter- 
rupts (Default) 
1: Enable Link Status and TX_FIFO underrun interrupts. 
Bit 7-3 - 
Same as in the Extended Modes of UART and Sharp-IR 
(See the section “Interrupt Enable Register (IER), in the 


Extended Modes of UART, Sharp-IR and SIR” on page 
168). 


7.11.3 Event Identification Register (EIR) 


The Event Identification Register (EIR) and the FIFO 
Control Register (FCR) (see next register description) 
share the same address. The EIR is accessed during CPU 
read cycles while the FCR is accessed during CPU write cy- 
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cles.The Event Identification Register (EIR) indicates the in- 
terrupt source. The function of this register changes 
according to the selected mode of operation. 


Event Identification Register (EIR), Non-Extended Mode 


When Extended mode is not selected (EXT_SL bit in 
EXCR1 register is set to 0), this register is the same as in 
the 16550. 

In a Non-Extended UART mode, this module prioritizes in- 
terrupts into four levels. The EIR indicates the highest level 
of interrupt that is pending. The encoding of these interrupts 
is shown in Table 7-3 on page 169. 


Non-Extended Modes, Read Cycles 
7 6 5 4 32 Event Identification 
Register (EIR) 
Bank 0, 
Offset 02h 


IPF - Interrupt Pending 
IPRO - Interrupt Priority 0 
IPR1 - Interrupt Priority 1 
RXFT - RX_FIFO Time-Out 
Reserved 

Reserved 

— FENO - FIFOs Enabled 

— FEN1 - FIFOs Enabled 


FIGURE 7-8. EIR Register Bitmap, Non-Extended Modes 


Bit 0 - Interrupt Pending Flag (IPF) 
0: There is an interrupt pending. 
1: No interrupt pending. (Default) 


Bits 2,1 - Interrupt Priority 1,0 (IPR1,0) 


When bit 0 (IPF) is 0, these bits indicate the pending in- 
terrupt with the highest priority. See Table 7-3 on page 
169. 


Default value is 00. 


Bit 3 - RX_FIFO Time-Out (RXFT) 


In the 16450 mode, this bit is always 0. In the 16550 
mode (FIFOs enabled), this bit is set to 1 when an 
RX_FIFO read time-out occurred and the associated in- 
terrupt is currently the highest priority pending interrupt. 


Bits 5,4 - Reserved 
Read/Write 0. 


Bit 7,6 - FIFOs Enabled (FEN1,0) 
0: No FIFO enabled. (Default) 
1: FIFOs are enabled (bit 0 of FCR is set to 1). 


TABLE 7-3. Non-Extended Mode Interrupt Priorities 


Priority 


Level Interrupt Type 


Interrupt Source 


Interrupt Set and Reset Functions 


Interrupt Reset Control 


None 


Highest Link Status 


or break event 


None 


Parity error, framing error, data overrun 


Read Link Status Register (LSR). 


Second Receiver High 
Data Level 


Event threshold. 


Receiver Holding Register (RXD) full, or 
RX_FIFO level equal to or above 


Reading the RXD or, RX_FIFO level 
drops below threshold. 


RX_FIFO Time- 


At least one character is in the 


Reading the RXD port. 
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Out RX_FIFO, and no character has been 
input to or read from the RX_FIFO for 4 


character times. 


Reading the EIR Register if this 
interrupt is currently the highest 
priority pending interrupt, or writing 
into the TXD port. 


Transmitter Low 
Data Level 
Event 


Transmitter Holding Register or 
TX_FIFO empty. 


Fourth Modem Status 


Any transition on CTS, DSR or DCD or a 
low to high transition on RI. 


Reading the Modem Status Register 
(MSR). 


Event Identification Register (EIR), Extended Mode When this register is read the DMA event bit (bit 4) is 
cleared if an 8237 type DMA is used. All other bits are 
cleared when the corresponding interrupts are acknowl- 
edged by reading the relevant register (e.g. reading MSR 


clears MS_EV bit). 


In Extended mode, each of the previously prioritized and 
encoded interrupt sources is broken down into individual 
bits. Each bit in this register acts as an interrupt pending 
flag, and is set to 1 when the corresponding event occurred 
or is pending, regardless of the IER register bit setting. 
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Extended wae Read Cycles 
7 6 5 4 3 2 j Event Identification 


Poo] 0] oT To] oT Jes oe Bani: 
PE Tt fReauirea 


Offset 02h 
RXHDL_EV 
TXLDL_EV 
LS_EV or TXHLT_EV 
MS_EV 
DMA_EV 
TXEMP-EV 
L_ Reserved 
'— Reserved 


FIGURE 7-9. EIR Register Bitmap, Extended Mode 


Bit 0 - Receiver High-Data-Level Event (RXHDL_EV) 
When FIFOs are disabled, this bit is set to 1 when a 
character is in the Receiver Holding Register. 

When FIFOs are enabled, this bit is set to 1 when the 
RX_FIFO is above threshold or an RX_FIFO time-out 
has occurred. 


Bit 1 - Transmitter Low-Data-Level Event (TXLDL_EV) 
When FIFOs are disabled, this bit is set to 1 when the 
Transmitter Holding Register is empty. 


When FIFOs are enabled, this bit is set to 1 when the 
TX_FIFO is below the threshold level. 


Bit 2 - Link Status Event (LS_EV) or Transmitter Halted 
Event (TXHLT_EV) 
In the UART, Sharp-IR and SIR modes, this bit is set to 
1 when a receiver error or break condition is reported. 
When FIFOs are enabled, the Parity Error(PE), Frame 
Error(FE) and Break(BRk) conditions are only reported 
when the associated character reaches the bottom of 
the RX_FIFO. An Overrun Error (OE) is reported as 
soon as it occurs. 
In the Consumer-IR mode, this bit indicates that a Link 
Status Event (LS_EV) or a Transmitter Halted Event 
(TXHLT_EV) occurred. It is set to 1 when any of the fol- 
lowing conditions occurs: 
— A receiver overrun. 


— A transmitter underrun. 


Bit 3 - Modem Status Event (MS_EV) 
In UART mode this bit is set to 1 when any of the 0 to 3 
bits in the MSR register is set to 1. 


In any IR mode, the function of this bit depends on the 
setting of the IRMSSL bit in the IRCR2 register (see Ta- 
ble 7-4 and also “Bit 1 - MSR Register Function Select 
in Infrared Mode (IRMSSL)” on page 183). 


TABLE 7-4. Modem Status Event Detection Enable 


IRMSSL Value Bit Function 


0 Modem Status Event (MS_EV) 
1 Forced to 0. 
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Bit 4 - DMA Event Occurred (DMA_EV) 


When an 8237 type DMA controller is used, this bit is set 
to 1 when a DMA terminal count (TC) is signalled. It is 
cleared upon read. 


Bit 5 - Transmitter Empty (TXEMP_EV) 


In UART, Sharp-IR and Consumer-IR modes, this bit is 
the same as bit 6 of the LSR register. It is set to 1 when 
the transmitter is empty. 


Bits 7,6 - Reserved 
Read/Write 0. 


7.11.4 FIFO Control Register (FCR) 


The FIFO Control Register (FCR) is write only. It is used to 
enable the FIFOs, clear the FIFOs and set the interrupt 
thresholds levels for the reception and transmission FIFOs. 


Write a 
7 6 5 4 3 2 | 


[oo] 0]0] 0] 0] 0] o|rese 
PLT | ot | JReauired 


FIFO_EN 
RXSR 
TXSR 
Reserved 
TXFTHO 

TXFTH1 
— RXFTHO 
— RXFTH1 


FIFO Control 
Register (FCR) 
Bank 0, 

Offset 02h 


FIGURE 7-10. FCR Register Bitmap 


Bit 0 - FIFO Enable (FIFO_EN) 


When set to 1 enables both the Transmision and Recep- 
tion FIFOs. Resetting this bit clears both FIFOs. 


In Consumer-IR modes the FIFOs are always enabled 
and the setting of this bit is ignored. 


Bit 1 - Receiver Soft Reset (RXSR) 


Writing a 1 to this bit generates a receiver soft reset, 
which clears the RX_FIFO and the receiver logic. This 
bit is automatically cleared by the hardware. 


Bit 2 - Transmitter Soft Reset (TXSR) 


Writing a 1 to this bit generates a transmitter soft reset, 
which clears the TX_FIFO and the transmitter logic. This 
bit is automatically cleared by the hardware. 


Bit 3 - Reserved 
Read/Write 0. 
Writing to this bit has no effect on the UART operation. 


Bits 5,4 - TX_FIFO Threshold Level (TXFTH1,0) 
In Non-Extended modes, these bits have no effect. 
In Extended modes, these bits select the TX_FIFO in- 
terrupt threshold level. An interrupt is generated when 
the level of the data in the TX_FIFO drops below the en- 
coded threshold. 
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TABLE 7-5. TX_FIFO Level Selection 


TXFTH (Bits 5,4) | TX_FIFO Threshold 


00(Default) 
01 
10 


Bits 7,6 - RX_FIFO Threshold Level (RXFTH1,0) 


These bits select the RX_FIFO interrupt threshold level. 
An interrupt is generated when the level of the data in 
the RX_FIFO is equal to or above the encoded thresh- 
old. 


TABLE 7-6. RX_FIFO Level Selection 


RXFTH (Bits 5,4)| RX_FIFO Threshold 


00(Default) 
01 


7.11.5 Link Control Register (LCR) and Bank 
Selection Register (BSR) 


The Link Control Register (LCR) and the Bank Select 
Register (BSR) (see the next register) share the same ad- 
dress. 


The Link Control Register (LCR) selects the communica- 
tions format for data transfers in UART, SIR and Sharp-IR 
modes. 


Upon reset, all bits are set to 0. 


Reading the register at this address location returns the 
content of the BSR. The content of LCR may be read from 
the Shadow of Link Control Register (SH_LCR) register in 
bank 3 (See Section 7.14.2 on page 181). During a write op- 
eration to this register at this address location, the setting of 
bit 7 (Bank Select Enable, BKSE) determines whether LCR 
or BSR is to be accessed, as follows: 


® If bit 7 is 0, the write affects both LCR and BSR. 


© If bit 7 is 1, the write affects only BSR, and LCR remains 
unchanged. This prevents the communications format 
from being spuriously affected when a bank other than 
0 or 1 is accessed. 


Upon reset, all bits are set to 0. 
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Link Control Register (LCR) 


Bits 6-0 are only effective in UART, Sharp-IR and SIR 
modes. They are ignored in Consumer-IR mode. 


7 6 5 4 3 2 Link Control 
Register (LCR) 

All Banks, 

Offset 03h 


FIGURE 7-11. LCR Register Bitmap 


Bits 1,0 - Character Length Select (WLS1,0) 


These bits specify the number of data bits in each trans- 
mitted or received serial character. Table 7-7 shows 
how to encode these bits. 


TABLE 7-7. Word Length Select Encoding 


WLS1 WLSO Character Length 


0 0 5 (Default) 
0 1 6 
1 0 7 
1 1 8 


Bits 2 - Number of Stop Bits (STB) 

This bit specifies the number of stop bits transmitted 

with each serial character. 

0: One stop bit is generated. (Default) 

1: If the data length is set to 5-bits via bits 1,0 
(WLS1,0), 1.5 stop bits are generated. For 6, 7 or 8 
bit word lengths, two stop bits are transmitted. The 
receiver checks for one stop bit only, regardless of 
the number of stop bits selected. 


Bit 3 - Parity Enable (PEN) 
This bit enable the parity bit See Table 7-8 on page 172. 


The parity enable bit is used to produce an even or odd 
number of 1s when the data bits and parity bit are 
summed, as an error detection device. 


0: No parity bit is used. (Default) 


1: A parity bit is generated by the transmitter and 
checked by the receiver. 


Bit 4 - Even Parity Select (EPS) 


When Parity is enabled (PEN is 1), this bit, together with 

bit 5 (STKP), controls the parity bit as shown in Table 

7-8. 

0: If parity is enabled, an odd number of logic 1s are 
transmitted or checked in the data word bits and 
parity bit. (Default) 
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1: If parity is enabled, an even number of logic 1s are 
transmitted or checked. 


Bit 5 - Stick Parity (STKP) 


When Parity is enabled (PEN is 1), this bit, together with 
bit 4 (EPS), controls the parity bit as show in Table 7-8. 


TABLE 7-8. Bit Settings for Parity Control 


EPS STKP Selected Parity Bit 


None 
Odd 


X X 
0 0 
1 0 


Even 


0 Logic 1 


1 Logic 0 


Bit 6 - Set Break (SBRK) 
This bit enables or disables a break. During the break, 
the transmitter can be used as a character timer to ac- 
curately establish the break duration. 
This bit acts only on the transmitter front-end and has no 
effect on the rest of the transmitter logic. 
When set to 1 the following occurs: 
If a UART mode is selected, the SOUT pin is forced 
to a logic 0 state. 
If SIR mode is selected, pulses are issued continu- 
ously on the IRTX pin. 
If Sharp-IR mode is selected and internal modula- 
tion is enabled, pulses are issued continuously on 
the IRTX pin. 
lf Sharp-IR mode is selected and internal modula- 
tion is disabled, the IRTX pin is forced to a logic 1 
state. 
To avoid transmission of erroneous characters as a re- 
sult of the break, use the following procedure to set 
SBRK: 
1. Wait for the transmitter to be empty. (TXEMP = 1). 
2. Set SBRK to 1. 


3. Wait for the transmitter to be empty, and clear SBRK 
when normal transmission must be restored. 


Bit 7 - Bank Select Enable (BKSE) 


0: This register functions as the Link Control Register 
(LCR). 


1: This register functions as the Bank Select Register 
(BSR). 
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7.11.6 Bank Selection Register (BSR) 


Bank Selection 
Register (BSR) 
All Banks, 
Offset 03h 


76 5 43 2 1 


Poo] 9] 9] [0] oo rest 
PE TY feared 


Bank Selection 


BKSE-Bank Selection Enable 
FIGURE 7-12. BSR Register Bitmap 


The Bank Selection Register (BSR) selects which register 
bank is to be accessed next. 


About accessing this register see the description of bit 
7 of the LCR Register. 


Bits 6-0 - Bank Selection 


When bit 7 is set to 1, bits 6-0 of BSR select the bank, 
as shown in Table 7-9. 


Bit 7 - Bank Selection Enable (BKSE) 
0: Bank 0 is selected. 
1: Bits 6-0 specify the selected bank. 


TABLE 7-9. Bank Selection Encoding 


BSR Bits Bank 


Selected 


LCR 
4|3 


LCR is 
written 


LCR is not 
written 


Reserved 


oO};/O;}o;o;}lo;yo;]o;];o]| x 
oO;OoO;}o;o;}o;yo;o;o 


Reserved 


7.11.7 Modem/Mode Conirol Register (MCR) 


This register controls the interface with the modem or data 
communications set, and the device operational mode 
when the device is in the Extended mode. The register 
function differs for Extended and Non-Extended modes. 
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Modem/Mode Control Register (MCR), Non-Extended 
Mode 
Non-Extended UART mode 
Modem Control 
Register (MCR) 
Bank 0, 
Offset 04h 


ISEN or DCDLP 


LOOP 
Reserved 


'— Reserved 
— Reserved 


FIGURE 7-13. MCR Register Bitmap, Non-Extended 
Mode 


Bit 0 - Data Terminal Ready (DTR) 


This bit controls the DTR signal output. When set to 1, 
DTR is driven low. When loopback is enabled (LOOP is 
set to 1), this bit internally drives DSR. 


Bit 1 - Request To Send (RTS) 


This bit controls the RTS signal output. When set to 1, 
drives RTS low. When loopback is enabled (LOOP is 
set), this bit drives CTS, internally. 


Bit 2 - Loopback Interrupt Request (RILP) 


When loopback is enabled, this bit internally drives RI. 
Otherwise it is unused. 


Bit 3 - Interrupt Signal Enable (ISEN) or Loopback DCD 
(DCDLP) 
In normal operation (standard 16450 or 16550) mode, 
this bit controls the interrupt signal and must be set to 1 
in order to enable the interrupt request signal. 
When loopback is enabled, the interrupt output signal is 
always enabled, and this bit internally drives DCD. 
New programs should always keep this bit set to 1 dur- 
ing normal operation. The interrupt signal should be 
controlled through the Plug-n-Play logic. 


Bit 4 - Loopback Enable (LOOP) 


When this bit is set to 1, it enables loopback. This bit ac- 
cesses the same internal register as bit 4 of the EXCR1 
register. (see “Bit 4 - Loopback Enable (LOOP)” on page 
179 for more information on the Loopback mode). 

0: Loopback disabled. (Default) 


1: Loopback enabled. 


Bits 7-5 - Reserved 
Read/Write 0. 


Modem/Mode Conirol Register (MCR), Extended Mode 


In Extended mode, this register is used to select the opera- 
tion mode (IrDA, Sharp, etc.) of the device and to enable the 
DMA interface. In these modes, the interrupt output signal 
is always enabled, and loopback can be enabled by setting 
bit 4 of the EXCR1 register. 
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Extended Mode 
7 6 5 4 3 2 1 


[ayo] 9] 9] 0] 0] oo res 
PLT ET TT JReauirea 


DTR 
RTS 
DMA_EN 
TX_DFR 
Reserved 

MDSLO 

'— MDSL1 

— MDSL2 


Modem Control 
Register (MCR) 
Bank 0, 

Offset 04h 


FIGURE 7-14. MCR Register Bitmap, Extended Modes 


Bit 0 - Data Terminal Ready (DTR) 


This bit controls the DTR signal output. When set to1, 
DTR is driven low. When loopback is enabled (LOOP is 
set), this bit internally drives both DSR and RI. 


Bit 1 - Request To Send (RTS) 


This bit controls the RTS signal output. When set to1, 
RTS is driven low. When loopback is enabled (LOOP is 
set), this bit internally drives both CTS and DCD. 


Bit 2 - DMA Enable (DMA_EN) 


When set to1, DMA mode of operation is enabled. When 
DMA is selected, transmit and/or receive interrupts 
should be disabled to avoid spurious interrupts. 


DMA cycles always address the Data Holding Registers 
or FIFOs, regardless of the selected bank. 


Bit 3 - Transmission Deferral (TX_DFR) 


For a detailed description of the Transmission Deferral 
see “Transmission Deferral” on page 165. 


0: No transmission deferral enabled. (Default) 
1: Transmission deferral enabled. 


This bit is effective only if the Transmission FIFOs is en- 
abled. 


Bit 4 - Reserved 
Read/Write 0. 


Bits 7-5 - Mode Select (MDSL2-0) 


These bits select the operational mode of the module 
when in Extended mode, as shown in Table 7-10. 


When the mode is changed, the transmission and re- 
ception FIFOs are flushed, Link Status and Modem Sta- 
tus Interrupts are cleared, and all of the bits in the 
auxiliary status and control register are cleared. 
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TABLE 7-10. The Module Operation Modes 


MDSL2 | MDSL1 
(Bit 7) | (Bit 6) 


MDSLO 


: Operational Mode 
(Bit 5) 


0 UART mode (Default) 


1 Reserved 
Sharp-IR 
SIR 


Reserved 


Reserved 


Consumer-IR 


Reserved 


7.11.8 Link Status Register (LSR) 


This register provides status information concerning the 
data transfer. Bits 1 through 4 indicate link status events. 
These bits are sticky (accumulate the occurrence of error 
conditions since the last time they were read). They are 
cleared when one of the following events occurs: 


© Hardware reset. 
® The receiver is soft-reset. 


© The LSR register is read. 
Upon reset this register assumes the value of Ox60h. 


The bit definitions change depending upon the operation 
mode of the module. 


Bits 4 through 1 of the LSR are the error conditions that gen- 
erate a Receiver Link Status interrupt whenever any of the 
corresponding conditions are detected and that interrupt is 
enabled. 


The LSR is intended for read operations only. Writing to the 
LSR is not permitted 


76 5 4 °3 2 Link Status 
Register (LSR) 
Bank 0, 
Offset 05h 


FIGURE 7-15. LSR Register Bitmap 


Bit 0 - Receiver Data Available (RXDA) 
Set to 1 when the Receiver Holding Register is full. 
If the FIFOs are enabled, this bit is set when at least one 
character is in the RX_FIFO. 


Cleared when the CPU reads all the data in the Holding 
Register or in the RX_FIFO. 
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Bit 1 - Overrun Error (OE) 


This bit is set to 1 as soon as an overrun condition is de- 
tected by the receiver. 


Cleared upon read. 
With FIFOs Disabled: 


An overrun occurs when a new character is completely 
received into the receiver front-end section and the CPU 
has not yet read the previous character in the receiver 
holding register. The new character is discarded, and 
the receiver holding register is not affected. 


With FIFOs Enabled: 


An overrun occurs when a new character is completely 
received into the receiver front-end section and the 
RX_FIFO is full. The new character is discarded, and 
the RX_FIFO is not affected. 


Bit 2 - Parity Error (PE) 
In UART, Sharp-IR and SIR modes, this bit is set to 1 if 
the received data character does not have the correct 
parity, even or odd as selected by the parity control bits 
of the LCR register. 


If the FIFOs are enabled, this error is associated with 
the particular character in the FIFO that it applies to. 
This error is revealed to the CPU when its associated 
character is at the bottom of the RX_FIFO. 


This bit is cleared upon read. 


Bit 3 - Framing Error (FE) 

In UART, Sharp-IR and SIR modes, this bit is set to 1 
when the received data character does not have a valid 
stop bit (i.e., the stop bit following the last data bit or par- 
ity bit is a O). 

If the FIFOs are enabled, this Framing Error is associat- 
ed with the particular character in the FIFO that it ap- 
plies to. This error is revealed to the CPU when its 
associated character is at the bottom of the RX_FIFO. 


After a framing error is detected, the receiver will try to 
resynchronize. 


If the bit following the erroneous stop bit is 0, the receiv- 
er assumes it to be a valid start bit and shifts in the new 
character. If that bit is a 1, the receiver enters the idle 
state and awaits the next start bit. 


This bit is cleared upon read. 


Bit 4 - Break Event Detected (BRK) 


In UART, Sharp-IR and SIR modes this bit is set to 1 
when a break event is detected (i.e. when a sequence 
of logic 0 bits, equal or longer than a full character trans- 
mission, is received). If the FIFOs are enabled, the 
break condition is associated with the particular charac- 
ter in the RX_FIFO to which it applies. In this case, the 
BRK bit is set when the character reaches the bottom of 
the RX_FIFO. 


When a break event occurs, only one zero character is 
transferred to the Receiver Holding Register or to the 
RX_FIFO. 


The next character transfer takes place after at least 
one logic 1 bit is received followed by a valid start bit. 


This bit is cleared upon read. 


Bit 5 - Transmitter Ready (TXRDY) 


This bit is set to 1 when the Transmitter Holding Regis- 
ter or the TX_FIFO is empty. 
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It is cleared when a data character is written to the TXD 
register. 


Bit 6 - Transmitter Empty (TXEMP) 


This bit is set to 1 when the Transmitter Holding Regis- 
ter or the TX_FIFO is empty, and the transmitter front- 
end is idle. 


Bit 7 - Error in RX_FIFO (ER_INF) 


In UART, Sharp-IR and SIR modes, this bit is set to a 1 
if there is at least 1 framing error, parity error or break 
indication in the RX_FIFO. 


This bit is always 0 in the 16450 mode. 
This bit is cleared upon read. 


7.11.9 Modem Status Register (MSR) 


The function of this register depends on the selected oper- 
ational mode. When a UART mode is selected, this register 
provides the current-state as well as state-change informa- 
tion of the status lines from the modem or data transmission 
module. 


When any of the infrared modes is selected, the register 
function is controlled by the setting of the IRMSSL bit in the 
IRCR2 (see page 183). If IRMSSL is 0, the MSR register 
works as in UART mode. If IRMSSL is 1, the MSR register 
returns the value 30 hex, regardless of the state of the mo- 
dem input lines. 


When loopback is enabled, the MSR register works similar- 
ly except that its status input signals are internally driven by 
appropriate bits in the MCR register since the modem input 
lines are internally disconnected. Refer to bits 3-0 at the 
MCR (see page 172) and to the LOOP & ETDLBK bits at the 
EXCR1 (see page 178) for more information. 


A description of the various bits of the MSR register, with 
Loopback disabled and UART Mode selected, is provided 
below. 


When bits 0, 1, 2 or 3 is set to 1, a Modem Status Event 
(MS_EV) is generated if the MS_IE bit is enabled in the IER 


Bits 0 to 3 are set to 0 as a result of any of the following 

events: 

© A hardware reset occurs. 

© The operational mode is changed and the IRMSSL bit 
is 0. 

© The MSR register is read. 


In the reset state, bits 4 through 7 are indeterminate as they 

reflect their corresponding input signals. 

Note: The modem status lines can be used as general 
purpose inputs. They have no effect on the trans- 
mitter or receiver operation. 
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765 43 2 1 


DPD [ [20 res 


Modem Status 
Register (MSR) 
Bank 0, 

Offset 06h 


— RI 
—DCD 


FIGURE 7-16. MSR Register Bitmap 


Bit 0 - Delta Clear to Send (DCTS) 
Set to 1, when the CTS input signal changes state. 
This bit is cleared upon read. 


Bit 1 - Delta Data Set Ready (DDSR) 
Set to 1, when the DSR input signal changes state. 
This bit is cleared upon read 


Bit 2 - Trailing Edge Ring Indicate (TERI) 
Set to 1, when the RI input signal changes state from 
low to high. 


This bit is cleared upon read 


Bit 3 - Delta Data Carrier Detect (DDCD) 
Set to 1, when the DCD input signal changes state. 
1: DCD signal state changed. 


Bit 4 - Clear To Send (CTS) 
This bit returns the inverse of the CTS input signal. 


Bit 5 - Data Set Ready (DSR) 
This bit returns the inverse of the DSR input signal. 


Bit 6 - Ring Indicate (Rl) 
This bit returns the inverse of the RI input signal. 


Bit 7 - Data Carrier Detect (DCD) 
This bit returns the inverse of the DCD input signal. 


7.11.10 Scratchpad Register (SPR) 


This register shares a common address with the ASCR 
Register. 


In Non-Extended mode, this is a scratch register (as in the 
16550) for temporary data storage. 
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Non-Extended Modes 
76 5 4 3 2 1 ~0 Scratchpad Reqister 
R (SCR) 
eee Bank 0, 


Required Offset 07h 


Scratch Data 


FIGURE 7-17. SPR Register Bitmap 


7.11.11 Auxiliary Status and Control Register (ASCR) 


This register shares a common address with the previous 
one (SCR). 


This register is accessed when the Extended mode of op- 
eration is selected. The definition of the bits in this case is 
dependent upon the mode selected in the MCR register, 
bits 7 through 5. This register is cleared upon hardware re- 
set Bits 2 and 6 are cleared when the transmitter is “soft re- 
set”. Bits 0,1,4 and 5 are cleared when the receiver is “soft 
reset”. 


Extended Modes 


7 6 5 432 | Auxiliary Status 
Register (ASCR) 
Bank 0, 


Offset 07h 


[oO] 0] 0] 0] 0] O] ofrese 
po] TE fe} fo] JReauired 


RXF_TOUT 
Reserved 
S _EOT 
Reserved 
RXWDG 

RXACT 

— TXUR 

— Reserved 


FIGURE 7-18. ASCR Register Bitmap 


Bit 0 - RX_FIFO Time-Out (RXF_TOUT) 


This bit is read only and set to 1 when an RX_FIFO tim- 
eout occurs. It is cleared when a character is read from 
the RX_FIFO. 


Bit 1 -Reserved 
Read/Write 0. 


Bit 2 - Set End of Transmission (S_EOT) 


In Consumer-IR mode this is the Set End of Transmis- 
sion bit. When a 1 is written into this bit position before 
writing the last character into the TX_FIFO, data trans- 
mission is gracefully completed. 

In this mode, if the CPU simply stops writing data into 
the TX_FIFO at the end of the data stream, a transmitter 
underrun is generated and the transmitter stops. In this 
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case this is not an error, but the software must clear the 
underrun before the next transmission can occur. This 
bit is automatically cleared by hardware when a charac- 
ter is written to the TX_FIFO. 


Bit 3 - Reserved 
Read/Write 0. 


Bit 4 - Reception Watchdog (RXWDG) 


In Consumer-IR mode, this is the Reception Watchdog 
(RXWDG) bit. It is set to 1 each time a pulse or pulse- 
train (modulated pulse) is detected by the receiver. It 
can be used by the software to detect a receiver idle 
condition. It is cleared upon read. 


Bit 5 - Receiver Active (RXACT) 


In Consumer-IR Mode this is the Receiver Active (RX- 
ACT) bit. It is set to 1 when an infrared pulse or pulse- 
train is received. If a 1 is written into this bit position, the 
bit is cleared and the receiver is deactivated. When this 
bit is set, the receiver samples the infrared input contin- 
uously at the programmed baud and transfers the data 
to the RX_FIFO. See “Consumer-IR Reception” on 
page 164. 


Bit 6 - Infrared Transmitter Underrun (TXUR) 


In the Consumer-IR mode, this is the Transmitter Un- 
derrun flag. This bit is set to 1 when a transmitter under- 
run occurs. It is always cleared when a mode other than 
Consumer-IR is selected. This bit must be cleared, by 
writing 1 into it, to re-enable transmission. 


Bit 7 - Reserved 
Read/Write 0. 


7.12 BANK 1 — THE LEGACY BAUD GENERATOR 
DIVISOR PORTS 


This register bank contains two Baud Generator Divisor 
Ports, and a bank select register. 


The Legacy Baud Generator Divisor (LBGD) port provides 
an alternate path to the Baud Divisor Generator register. 
This bank is implemented to maintain compatibility with 
16550 standard and to support existing legacy software 
packages. In case of using legacy software, the addresses 
0 and 1 are shared with the data ports RXD/TXD (see page 
166). The selection between them is controlled by the value 
of the BKSE bit (LCR bit 7 page 171). 


TABLE 7-11. Bank 1 Register Set 


Register 


Offset Name 


Description 


00h LBGD(L) | Legacy Baud Generator Divisor 


Port (Low Byte) 
Oth 


LBGD(H) | Legacy Baud Generator Divisor 


Port (High Byte) 


02h 
03h 


Reserved 


Link Control / 
Bank Select Register 


04h - O7h Reserved 


Enhanced Serial Port with IR - UART2 (Logical Device 5 


In addition, a fallback mechanism maintains this compatibil- 
ity by forcing the UART to revert to 16550 mode if 16550 
software addresses the module after a different mode was 
set. Since setting the Baud Divisor values is a necessary ini- 
tialization of the 16550, setting the divisor values in bank 1 
forces the UART to enter 16550 mode. (This is called fall- 
back.) 


To enable other modes to program their desired baud rates 
without activating this fallback mechanism, the Baud Gen- 
erator Divisor Port pair in bank 2 should be used. 

7.12.1. Legacy Baud Generator Divisor Ports (LBGD(L) 
and LBGD(h)), 


The programmable baud rates in the Non-Extended mode 
are achieved by dividing a 24 MHz clock by a prescale value 
of 13, 1.625 or 1. This prescale value is selected by the 
PRESL field of EXCR2 (see page 180). This clock is subdi- 
vided by the two Baud Generator Divisor buffers, which out- 
put a clock at 16 times the desired baud (this clock is the 
BOUT clock). This clock is used by I/O circuitry, and after a 
last division by 16 produces the output baud. 


Divisor values between 1 and 21-1 can be used. (Zero is 
forbidden). The Baud Generator Divisor must be loaded 
during initialization to ensure proper operation of the Baud 
Generator. Upon loading either part of it, the Baud Genera- 
tor counter is immediately loaded. Table 7-15 on page 179 
shows typical baud divisors. After reset the divisor register 
contents are indeterminate. 


Any access to the LBGD(L) or LBGD(H) ports causes a re- 
set to the default Non-Extended mode, i.e., 16550 mode 
(See “AUTOMATIC FALLBACK TO A NON-EXTENDED 
UART MODE” on page 165).To access a Baud Generator 
Divisor when in the Extended mode, use the port pair in 
bank 2 (BGD on page 178). 


Table 7-12 shows the bits which are cleared when Fallback 
occurs during Extended or Non-Extended modes. 


If the UART is in Non-Extended mode and the LOCK bit is 
1, the content of the divisor (BGD) ports will not be affected 
and no other action is taken. 

When programming the baud, the new divisor is loaded 
upon writing into LBGD(L) and LBGD(H). After reset, the 
contents of these registers are indeterminate. 


Divisor values between 1 and 21-1 can be used. (Zero is 
forbidden.) Table 7-14 shows typical baud divisors. 


TABLE 7-12. Bits Cleared On Fallback 


UART Mode & LOCK bit before Fallback 


Non-Extended 
Mode 


LOCK = 1 


Non-Extended 
Mode 


LOCK = 0 


Extended 
Mode 


LOCK = x 


Register 


2to7 
0, 5 and 7 


none 


5 and 7 


none 


none 


0to5 0to5 none 


2 and 3 none none 
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Legacy Baud Generator Divisor 

7 6 5 4 3 2 1 0 Low Byte port 
(LBGD(L)) 
Bank 1, 
Offset 00h 


Reset 
Required 


Least Significant Byte 
of Baud Generator 


FIGURE 7-19. LBGD(L) Register Bitmap 


Legacy Baud Generator Divisor 
10 High Byte port 
(LBGD(H)) 
Bank 1, 

Offset 01h 


7 6 5 4 3 2 
Reset 


Required 


Most Significant Byte 
of Baud Generator 


FIGURE 7-20. LBGD(H) Register Bitmap 
7.12.2 Link Control Register (LCR) and Bank Select 
Register (BSR) 


These registers are the same as the registers at offset 03h 
in bank 0. 


7.13 BANK 2 — EXTENDED CONTROL AND STATUS 
REGISTERS 


Bank 2 contains two alternate Baud Generator Divisor ports 
and the Extended Control Registers (EXCR1 and EXCR2). 


TABLE 7-13. Bank 2 Register Set 


Register 


Offset Name 


Description 


00h BGD(L) Baud Generator Divisor Port (Low 


byte) 


O1h | BGD(H) | Baud Generator Divisor Port (High 


byte) 


02h 
03h 
04h 
05h 
06h 
07h 


EXCR1 
LCR/BSR 
EXCR2 


Extended Control Register 1 


Link Control/ Bank Select Register 


Extended Control Register 2 


Reserved 
TX_FIFO Level 
RX_FIFO Level 
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7.13.1 Baud Generator Divisor Ports, LSB (BGD(L)) 
and MSB (BGD(h)) 


These ports perform the same function as the Legacy Baud 
Divisor Ports in Bank 1 and are accessed identically, but do 
not change the operation mode of the module when access- 
ed. Refer to Section 7.12.1 on page 177 for more details. 


Use these ports to set the baud when operating in Extended 
mode to avoid fallback to a Non-Extended operation mode, 

e., 16550 compatible.When programming the baud, writ- 
ing to BGDH causes the baud to change immediately. 


Baud Generator Divisor 
7 6 5 4 3 2 j Low Byte Port 


EXEIESEIEIEAENE] 
PEEL ILL CT Jreaires park? 


Least Significant Byte 
of Baud Generator 


FIGURE 7-21. BGD(L) Register Bitmap 
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Baud Generator Divisor 
High Byte Port 


Most Significant Byte 


of Baud Generator 


(BGD(H)) 
Bank 2, 
Offset 01h 


FIGURE 7-22. BGD(H) Register Bitmap 


TABLE 7-14. Baud Generator Divisor Settings 


Prescaler Value 13 


1.625 


Baud Divisor % Error 


Divisor 


% Error 


Divisor 


% Error 


50 2304 0.16% 


18461 


0.00% 


30000 


0.00% 


75 1536 0.16% 


12307 


0.01% 


20000 


0.00% 


110 1047 0.19% 


8391 


0.01% 


13636 


0.00% 


134.5 857 0.10% 


6863 


0.00% 


11150 


0.02% 


150 768 0.16% 


6153 


0.01% 


10000 


0.00% 


300 0.16% 


3076 


0.03% 


5000 


0.00% 


600 0.16% 


1538 


0.03% 


2500 


0.00% 


1200 0.16% 


769 


0.03% 


1250 


0.00% 


1800 0.16% 


512 


0.16% 


833 


0.04% 


2000 0.53% 


461 


0.12% 


750 


0.00% 


2400 0.16% 


384 


0.16% 


625 


0.00% 


3600 0.16% 


256 


0.16% 


0.16% 


4800 0.16% 


192 


0.16% 


0.16% 


7200 0.16% 


128 


0.16% 


0.16% 


9600 0.16% 


96 


0.16% 


0.16% 


14400 0.16% 


0.16% 


0.16% 


19200 0.16% 


0.16% 


0.16% 


28800 0.16% 


0.16% 


0.16% 


38400 0.16% 


0.16% 


0.16% 


57600 0.16% 


0.16% 


0.16% 


115200 0.16% 


0.16% 


0.16% 


230400 


0.16% 


460800 


0.16% 


750000 


921600 


0.16% 


1500000 
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7.13.2 Extended Control Register 1 (EXCR1) 


Use this register to control module operation in the Extend- 
ed mode. Upon reset all bits are set to 0. 


The swap feature is particularly useful when only one 
8237 DMA channel is used to serve both transmitter and 
receiver. In this case only one external DRQ/DACK sig- 


Extended Control and 
Status Register 1 
(EXCR1) 
Bank 2, 
Offset 02h 


765 43 2 120 


}o | o| of of 0] 0/0] o|Reset 
PT TT TT fReauirea 


EXT_SL 

DMANF 
DMATH 
DMASWP 
LOOP 
ETDLBK 
'— Reserved 
— BTEST 


FIGURE 7-23. EXCR1 Register Bitmap 


Bit 0 - Extended Mode Select (EXT_SL) 
When set to 1, the Extended mode is selected. 


Bit 1 - DMA Fairness Control (DMANF) 

This bit controls the maximum duration of DMA burst 
transfers. 

0: DMA requests are forced inactive after approxi- 


mately 10.5 usec of continuous transmitter and/or 
receiver DMA operation. (Default) 


: A transmission DMA request is deactivated when 
the TX_FIFO is full. A reception DMA request is de- 
activated when the RX_FIFO is empty. 


Bit 2 - DMA FIFO Threshold (DMATH) 


This bit selects the TX_FIFO and RX_FIFO threshold 
levels used by the DMA request logic to support de- 
mand transfer mode. 

A transmission DMA request is generated when the 
TX_FIFO level is below the threshold. 

A reception DMA request is generated when the 
RX_FIFO level reaches the threshold or when a DMA 
timeout occurs. 


Table 7-15 lists the threshold levels for each FIFO. 
TABLE 7-15. DMA Threshold Levels 


DMA Threshold for FIFO Type 


RX_FIFO Tx_FIFO 


4 13 
10 7 


Bit 3 - DMA Swap (DMASWP) 


This bit selects the routing of the DMA control signals 
between the internal DMA logic and the configuration 
module of the chip. When this bit is 0, the transmitter 
and receiver DMA control signals are not swapped. 
When it is 1, they are swapped. A block diagram illus- 
trating the control signals routing is given in Fig. 7-24. 
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nal pair will be interconnected to the swap logic by the 
configuration module. Routing the external DMA chan- 
nel to either the transmitter or the receiver DMA logic is 
then simply controlled by the DMASWP bit. This way, 
the infrared device drivers do not need to know the de- 
tails of the configuration module. 


DMA Swap Configuration 
Logic Module 


RX_DMA 
Channel Priemaait 


TX - 


aaa 


i> 
Routing > 


DMA 


Logic eid 


Hand- 


e 
Channel |(*_V "5 


shake 


magic.) “¢ Signals 


TX - 


t+> #7 ;ixo3j> 


DMA 
Logic 


DMASWP 


FIGURE 7-24. DMA Control Signals Routing 


Bit 4 - Loopback Enable (LOOP) 


During loopback, the transmitter output is connected in- 
ternally to the receiver input, to enable system self-test 
of serial communications. In addition to the data signal, 
all additional signals within the UART are interconnect- 
ed to enable real transmission and reception using the 
UART mechanisms. 


When this bit is set to 1, loopback is selected. This bit 
accesses the same internal register as bit 4 in the MCR 
register, when the UART is in a Non-Extended mode. 


Loopback behaves similarly in both Non-Extended and 
Extended modes. 


When Extended mode is selected, the DTR bit in the 
MCR register internally drives both DSR and RI, and the 
RTS bit drives CTS and DCD. 


During loopback, the following actions occur: 


1. The transmitter and receiver interrupts are fully op- 
erational. The Modem Status Interrupts are also fully 
operational, but the interrupt sources are now the 
lower bits of the MCR register. Modem interrupts in 
infrared modes are disabled unless the IRMSSL bit 
in the IRCR2 register is 0. Individual interrupts are 
still controlled by the IER register bits. 


. The DMA control signals are fully operational. 


. UART and infrared receiver serial input signals are 
disconnected. The internal receiver input signals are 
connected to the corresponding internal transmitter 
output signals. 


. The UART transmitter serial output is forced high 
and the infrared transmitter serial output is forced 
low, unless the ETDLBK bit is set to 1. In which case 
they function normally. 


. The modem status input pins (DSR, CTS, RI and 
DCD) are disconnected. The internal modem status 
signals, are driven by the lower bits of the MCR reg- 
ister. 
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Bit 5 - Enable Transmitter During Loopback (ETDLBK) 


When this bit is set to 1, the transmitter serial output is 
enabled and functions normally when loopback is en- 
abled. 


Bit 6 - Reserved 
Write 1. 


Bit 7 - Baud Generator Test (BTEST) 
When set, this bit routes the Baud Generator output to 
the DTR pin for testing purposes. 
7.13.3 Link Control Register (LCR) and Bank Select 
Register (BSR) 
These registers are the same as the registers at offset 03h 
in bank 0. 


7.13.4 Extended Control and Status Register 2 
(EXCR2) 


This register configures the Prescaler and controls the 
Baud Divisor Register Lock. 


Upon reset all bits are set to 0. 


Extended Control and 
and Status Register 2 
Reset 


F Lot Lf} f 0] o}Requires 


7 6 5 43 2 10 


(EXCR2) 


Bank 2, 
Offset 04h 


Reserved 


PRESLO 
— PRESL1 
Reserved 

— LOCK 


FIGURE 7-25. EXCR2 Register Bitmap 


Bits 3 - 0 - Reserved 
Read/Write 0. 


Bits 5,4 - Prescaler Select 


The prescaler divides the 24 MHz input clock frequency 
to provide the clock for the Baud Generator. (See Table 
7-16). 


TABLE 7-16. Prescaler Select 


Bit 5 Bit 4 Prescaler Value 


0 0 
0 1 
1 0 
1 1.0 


13 
1.625 


Reserved 


Bit 6 - Reserved 
Read/write 0. 
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Bit 7 - Baud Divisor Register Lock (LOCK) 

When set to 1, accesses to the Baud Generator Divisor 
Register through LBGD(L) and LBGD(H) as well as fall- 
back are disabled from non-extended mode. 

In this case two scratchpad registers overlaid with LB- 
GD(L) and LBGD(H) are enabled, and any attempted 
CPU access of the Baud Generator Divisor Register 
through LBGD(L) and LBGD(H) will access the Scratch- 
Pad Registers instead. This bit must be set to 0 when 
extended mode is selected. 


7.13.5 Reserved Register 
Upon reset, all bits in Bank 2 register with offset 05h are set 
to 0. 


Bits 7-0 - Reserved 
Read/write 0’s. 


7.13.6 TX_FIFO Current Level Register (TXFLV) 


This read-only register returns the number of bytes in the 
TX_FIFO. It can be used to facilitate programmed |/O 
modes during recovery from transmitter underrun in one of 
the fast infrared modes. 


Extended Modes 


7 6 5 4 3 2 1 = 
Current Level 


BOGGOOOG Reset Register (TXFLV) 
a eG son elie de [Ui Required Bank 2, 


Offset 06h 
TFLO 


TFL1 
TFL2 
TFL3 
TFL4 


ae Reserved 


FIGURE 7-26. TXFLV Register Bitmap 


TX 


Bits 4-0 - Number of Bytes in TX_FIFO (TFL(4-0)) 
These bits specify the number of bytes in the TX_FIFO. 


Bits 7,6 - Reserved 
Read/Write 0’s. 
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7.13.7 RX_FIFO Current Level Register (RXFLV) 


This read-only register returns the number of bytes in the 
RX_FIFO. It can be used for software debugging. 


Extended Modes 


7 6 5 4 3 2 1 
Current Level 


Poo fofoToyoT ofa} Reset Register (RXFLV) 
fofofo} | | | [| Required Bank 2, 


Offset 07h 
RFLO 


RFL1 
RFL2 
RFL3 
RFL4 


Le, Reserved 


FIGURE 7-27. RXFLV Register Bitmap 


Bits 4-0 - Number of Bytes in RX_FIFO (RFL(4-0)) 
These bits specify the number of bytes in the RX_FIFO. 


Bits 7-5 - Reserved 
Read/Write 0’s. 


Note: The contents of TXFLV and RXFLV are not frozen 
during CPU reads. Therefore, invalid data could be re- 
turned if the CPU reads these registers during normal 
transmitter and receiver operation. To obtain correct da- 
ta, the software should perform three consecutive reads 
and then take the data from the second read, if first and 
second read yield the same result, or from the third 
read, if first and second read yield different results. 


7.14 BANK 3 — MODULE REVISION ID AND SHADOW 
REGISTERS 


Bank 3 contains the Module Revision ID register which 
identifies the revision of the module, shadow registers for 
monitoring various registers whose contents are modified 
by being read, and status and control registers for handling 
the flow control. 


TABLE 7-17. Bank 3 Register Set 


Register 


Offset Name 


Description 


00h 
Oth 


MRID 
SH_LCR 


Module Revision ID Register 


Shadow of LCR Register 
(Read Only) 


Shadow of FIFO Control Register 
(Read Only) 


Link Control Register/ 
Bank Select Register 


02h SH_FCR 


03h LCR/ 


BSR 


04h-07h Reserved 
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7.14.1 Module Revision ID Register (MRID) 


This read-only register identifies the revision of the module. 
When read, it returns the module ID and revision level. This 
module returns the code 2xh, where x indicates the revision 
number. 


76 5 43 2 1 


DORDIERIEE 
PT TT TY fReauirea 


Module Revision ID 
Register 
(MRID) 
Bank 3, 
Offset 00h 


Revision ID(RID 3-0) 


Module ID(MID 7-4) 


FIGURE 7-28. MRID Register Bitmap 


Bits 3-0 - Revision ID (MID3-0) 
The value in these bits identifies the revision level. 


Bits 7-4 - Module ID (MID7-4) 
The value in these bits identifies the module type. 


7.14.2 Shadow of Link Control Register (SH_LCR) 


This register returns the value of the LCR register. The LCR 
register is written into when a byte value according to Table 
7-9 on page 172, is written to the LCR/BSR registers loca- 
tion (at offset 03h) from any bank. 


Shadow of 
7 6 5 4 32 Link Control Register 
roTefofoyolo[oyo Reset eae) 
i Offset 01h 


FIGURE 7-29. SH_LCR Register Bitmap 


See “Link Control Register (LCR)” on page 171 for bit de- 
scriptions. 
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7.14.3 Shadow of FIFO Control Register (SH_FCR) 


This read-only register returns the contents of the FCR reg- 
ister in bank 0. 


Shadow of 

FIFO Conirol Register 
(SH_FCR) 
Bank 3, 
Offset 02h 


7 6 5 4 3 2 


Po[ofofoTo [oToTo] nes 


Reserved 
TXFTHO 
TXFHT1 
'— RXFTHO 
'_ RXFTH1 


FIGURE 7-30. SH_LCR Register Bitmap 


See “FIFO Control Register (FCR)” on page 170 for bit de- 
scriptions. 


7.14.4 Link Control Register (LCR) and Bank Select 
Register (BSR) 


These registers are the same as the registers at offset 03h 
in bank 0. 


7.15 BANK 4 - IR MODE SETUP REGISTER 
TABLE 7-18. Bank 4 Register Set 


Register 


Offset Name 


Description 


00-01h Reserved 


7.15.2 Infrared Control Register 1 (IRCR1) 

Enables the Sharp-IR or SIR infrared mode in the Non-Ex- 
tended mode of operation. 

Upon reset, all bits are set to 0. 


pyuates Conirol Register1 
(IRCR1) 
Bank 4, 
Offset 02h 


7 6 5 4 3 2 1 


[ayo] 9] 9] oo] ooo 
pofofojol | [>] o}Required 


Reserved 
Reserved 
IR_SLO 
IR_SL1 


Reserved 


FIGURE 7-31. IRCR1 Register Bitmap 


Bits 1,0 - Reserved 
Read/Write 0. 


Bits 3,2 - Sharp-IR or SIR Mode Select (IR_SL1,0), Non- 
Extended Mode Only 
These bits enable Sharp-IR and SIR modes in Non-Ex- 
tended mode. They allow selection of the appropriate in- 
frared interface when Extended mode is not selected. 
These bits are ignored when Extended mode is selected. 


TABLE 7-19. Sharp-IR or SIR Mode Selection 


Selected Mode 


02h 
03h 


Infrared Control Register 1 


Link Control/ 
Bank Select Registers 


04-07h Reserved 


7.15.1 
Bank 4 registers with offsets 00h and 01h are reserved. 


Reserved Registers 
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UART (Default) 
Reserved 
Sharp-IR 

SIR 


Bits 7-4 - Reserved 
Read/Write 0. 
7.15.3 Link Control Register (LCR) and Bank Select 
Register (BSR) 
These registers are the same as the registers at offset 03h 
in bank 0. 
7.15.4 Reserved Registers 
Bank 4 registers with offsets 04h-07h are reserved. 
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7.16 BANK 5 - INFRARED CONTROL REGISTERS Bits 3,2 -Reserved 
TABLE 7-20. Bank 5 Registers Read/Write 0. 


Bit 4 - Auxiliary Infrared Input Select (AUX_IRRX) 


Description When set to 1, the infrared signal is received from the 
auxiliary input. (Separate input signals may be desired 
00-02h Reserved ooo front-end circuits). See Table 7-29 on page 


Register 


Offset Name 


03h Link Control Register/ 
Bank Select Register Bit 5-7 - Reserved 


04h Infrared Control Register 2 Read/Write 0. 
05h - 07h Reserved 7.16.4 Reserved Registers 


Bank 5 registers with offsets 05h-07h are reserved. 
7.16.1 Reserved Registers 7.17 BANK 6 — INFRARED PHYSICAL LAYER 
CONFIGURATION REGISTERS 


. This Bank of registers controls aspects of the framing and 
7.16.2 (LCR/BSR) Register timing of the infrared modes. 


These registers are the same as the registers at offset 03h TABLE 7-21. Bank 6 Register Set 
in bank 0. 


Bank 5 registers with offsets 0Oh-02h are reserved. 


7.16.3 Infrared Control Register 2 (IRCR2) Offset | Register Description 


: : : Name 
This register controls the basic settings of the infrared 


modes. 00h IRCR3 Infrared Control Register 3 
Upon reset, the content of this register is 02h. Oth Raseriod 


02h SIR_PW SIR Pulse Width Control 


7 6 5 4 3 2 14 Infrared Control 


A (< 115 Kbps) 
roy opo[oyol1o Reset ReqaCH) 7 | 
Oe ee et 


Offset 04h 
IR_FDPLX 04h - 07h Reserved 
IRMSSL 


Reserved 7.17.1 Infrared Control Register 3 (IRCR3) 
AUX_IRRX This Register enables/disables modulation in Sharp-IR 


mode. 
a eceatss Upon reset, the content of this register is 20h. 


FIGURE 7-32. IRCR2 Register Bitmap 7 65 432 Infrared Control 
PoToTsToToToTOTO]peser Registers 
Bit 0 - Enable Infrared Full Duplex Mode (IR_FDPLX) | | jofojo}ofojo| Required Bank 6, 


When set to 1, the infrared receiver is not masked dur- Offset 00h 
ing transmission. 


Bit 1 - MSR Register Function Select in Infrared Mode 
(IRMSSL) 


This bit selects the behavior of the Modem Status Reg- 

ister (MSR) and the Modem Status Interrupt (MS_EV) 

when any infrared mode is selected. When a UART L_ SHMD DS 
mode is selected, the Modem Status Register and the | SHDM DS 

Modem Status Interrupt function normally, and this bit is = 

ignored. 

0: MSR register and modem status interrupt work in 
the IR modes as in the UART mode (Enables exter- : 
nal circuitry to perform carrier detection and pro- _ Bit 0-5 - Reserved 
vide wake-up events). Read/Write 0. 

: The MSR returns 30h, and the Modem Status In- 
terrupt is disabled. (Default) 


Reserved 


FIGURE 7-33. IRCR3 Register Bitmap 
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Bit 6 - Sharp-IR Modulation Disable (SHMD_DS) 


0: Enables internal 500 KHz transmitter modulation. 
(Default) 


1: Disables internal modulation. 


Bit 7 - Sharp-IR Demodulation Disable (SHDM_DS) 


0: Enables internal 500 KHz receiver demodulation. 
(Default) 


1: Disables internal demodulation. 
7.17.2 Reserved Register 
Bank 6 register with offset 01h is reserved. 


7.17.3 SIR Pulse Width Register (SIR_PW) 


This register sets the pulse width for transmitted pulses in 
SIR operation mode. These setting do not affect the receiv- 
er. Upon reset, the content of this register is 00h, which de- 
faults to a pulse width of 3/16 of the baud. 


76 5 43 2 1 


[oo] 0]0] 0] 0] 0] ofrese 
pofofojol | TY fRequires 


SIR Pulse Width 
Register 
(SIR_PW) 

Bank 6, 

Offset 02h 


Reserved 


FIGURE 7-34. SIR_PW Register Bitmap 


Bits 3-0 - SIR Pulse Width Register (SPW) 


Two codes for setting the pulse width are available. All 
other values for this field are reserved. 


0000:Pulse width is 3/16 of the bit period. (Default) 
1101:Pulse width is 1.6 psec. 


Bits 7-4 - Reserved 
Read/Write 0’s. 


7.17.4 Link Control Register (LCR) and Bank Select 
Register (BSR) 


These registers are the same as the registers at offset 03h 
in Bank 0. 


7.17.5 Reserved Registers 
Bank 6 registers with offsets 04h-07h are reserved. 


7.18 BANK 7 — CONSUMER-IR AND OPTICAL 
TRANSCEIVER CONFIGURATION REGISTERS 


Bank 7 contains the registers that configure Consumer-IR 
functions and infrared transceiver controls. See Table 7-22. 
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TABLE 7-22. Bank 7 Register Set 


Register 


Nance Description 


IRRXDC | Infrared Receiver Demodulator 


Control Register 


IRTXMC | Infrared Transmitter Modulator 


Control Register 


RCCFG |Consumer-IR Configuration Reg- 


ister 


LCR/BSR Link Control Register/ 


Bank Select Register 


IRCFG1 | Infrared Interface Configuration 


Register 1 


Reserved 


IRCFG3 | Infrared Interface Configuration 


Register 3 


IRCFG4 | Infrared Interface Configuration 


Register 4 


The Consumer-IR utilizes two carrier frequency ranges (see 
also Table 7-26). 


— Low range which spans from 30 KHz to 56 KHz, in 
1 KHz increments, and 


— High range which includes three frequencies: 
400 KHz, 450 KHz or 480 KHz. 


High and low frequencies are specified independently to al- 
low separate transmission and reception modulation set- 
tings. The transmitter uses the carrier frequency settings in 
Table 7-26. 


The four registers at offsets 04h through 07h (the infrared 
transceiver configuration registers) are provided to config- 
ure the Infrared Interface (the transceiver). The transceiver 
mode is selected by up to three special output signals 
(IRSL2-0). When programmed as outputs these signals are 
forced to low when automatic configuration is enabled (AM- 
CFG bit set to 1) and a UART mode is selected. 


7.18.1 Infrared Receiver Demodulator Control 


Register (IRRXDC) 


This register controls settings for Sharp-IR and Consumer 
IR reception. After reset, the content of this register is 29h. 
This setting selects a subcarrier frequency in a range be- 
tween 34.61 KHz and 38.26 KHz for the Consumer-IR 
mode, and from 480.0 to 533.3 KHz for the Sharp-IR mode. 
The value of this register is ignored in both modes if the re- 
ceiver demodulator is disabled. The available frequency 
ranges for Consumer-IR and Sharp-IR modes are given in 
Tables 7-23 through 7-25. 
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Infrared Receiver 
Demodulation Control 
Register (IRRXDC) 

Bank 7, 
Offset 00h 


7 6 5 4 3 2 
Reset 


FIGURE 7-35. IRRXDC Register Bitmap 


Bits 4-0 - Demodulator Frequency (DFR(4-0)) 


These bits select the subcarriers center frequency for 
the Consumer-IR receiver demodulator. Table 7-25 
shows the selection for low speed demodulation (bit 5 of 
RCCFG=0, see page 187), and Table 7-24 shows the 
selection for high speed demodulation (bit 5 of RC- 
CFG=1). 


Bits 7-5 - Demodulator Bandwidth (DBW(2-0)) 


These bits set the demodulator bandwidth for the select- 
ed frequency range. The subcarrier signal frequency 
must fall within the specified frequency range in order to 
be accepted. Used for both Sharp-IR and Consumer-IR 
modes. 

See Tables 7-23, 7-25 and bit 5 (RXHSC) of the Con- 
sumer-IR Configuration (RCCFG) Register on page 
187. 


7.18.2 Infrared Transmitter Modulator Control 


Register (IRTXMC) 


This register controls modulation subcarrier parameters for 
Consumer-IR and Sharp-IR mode transmission. For Sharp- 
IR, only the carrier pulse width is controlled by this register 
- the carrier frequency is fixed at 500 KHz. 


After reset, the value of this register is 69h, selecting a car- 
rier frequency of 36 KHz and an IR pulse width of 7 usec for 
Consumer-IR, or a pulse width of 0.8 usec for Sharp-IR. 


76543210 Infrared Transmitter 


Pols] tfoltfofols Bee Reeletee 
PT JReauirea 


(IRTXMC) 
Bank 7, 
Offset 01h 


MCFR(4-0) 


L ake 


FIGURE 7-36. IRTXMC Register Bitmap 


Bits 4-0 - Modulation Subcarrier Frequency (MCFR) 
These bits set the frequency for the Consumer-IR modula- 
tion subcarrier. The encoding are defined in Table 7-26. Bits 
7-5 - Modulation Subcarrier Pulse Width (MCPW) 


Specify the pulse width of the subcarrier clock as shown 
in Table 7-27. 


TABLE 7-23. Consumer IR, High Speed Demodulator (RXHSC = 1) (Frequency Ranges in KHz) 


DFR Bits 


a2 208 min/max 


DBW2-0 (Bits 7, 6 and 5 of IRRXDC) 


min 
00011 


max 


min 


TABLE 7-24. Sharp-IR Demodulator (Frequency Ranges in KHz) 


DFR Bits 


43210 min/max 


DBW2-0 (Bits 7, 6 and 5 of IRRXDC) 


min 


max 
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TABLE 7-25. Consumer-IR, Low Speed Demodulator (RXHSC = 0) (Frequency Ranges in KHz) 


DFR Bits DBW?2-0 (Bits 7, 6 and 5 of IRRXDC) 


43210 min/max 010 011 100 


min 25.45 24.34 23.33 
max 31.11 32.94 35.00 
min 27.27 26.08 25.00 
max 33.33 35.29 37.50 
min 27.95 26.73 25.62 
max 34.16 36.17 38.43 
min 28.68 27.43 26.29 
max 35.05 37.11 39.43 
min 30.30 28.98 27.77 
max 37.03 39.21 41.66 
min 31.13 29.78 28.54 
max 38.05 40.29 42.81 
min 32.04 30.65 29.37 
max 39.16 41.47 44.06 
min 33.04 31.60 30.29 
max 40.38 42.76 45.43 
min 34.09 32.60 31.25 
max 41.66 44.11 46.87 
min 35.18 33.65 32.25 
max 43.00 45.52 48.37 
min 36.36 34.78 33.33 
max 44.44 47.05 50.00 
min 37.59 36.00 34.45 
max 45.94 48.64 51.68 
min 38.95 37.26 35.70 
max 47.61 50.41 53.56 
min 40.40 38.64 37.03 
max 49.37 52.28 55.55 
min 41.95 40.13 38.45 
max 51.27 54.29 57.68 
min 43.63 41.74 40.00 
max 53.33 56.47 60.00 
min 45.45 43.47 41.66 
max 55.55 58.82 62.50 
min 47.40 45.34 43.45 
max 57.94 61.35 65.18 


00010 
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DFR Bits DBW2-0 (Bits 7, 6 and 5 of IRRXDC) 


43210 min/max 


min 
11011 


max 


min 


60.10 63.44 : 71.37 76.13 81.57 


TABLE 7-26. Consumer-IR Carrier Frequency Encoding TABLE 7-27. Carrier Clock Pulse Width Options 


Encoding Encoding 7 
SerR Bits Low Frequency | High Frequency MCPW Bits Low Frequency High Frequency 


(TXHSC = 0) (TXHSC = 1) 765 (TXHSC = 0) (TXHSC = 1) 
43210 


00000 reserved reserved oe Eveelee Bkchalehels 


00001 reserved reserved oo Eselved Reserved 


7 
00010 reserved reserved pe Suneee ODUSEE 


00011 30 KHz 400 KHz 
00100 31 KHz reserved 
00101 32 KHz reserved 
00110 33 KHz reserved 
00111 34 KHz reserved 
01000 35 KHz 450 KHz 
01001 36 KHz reserved 


011 7 usec 0.8 usec 


100 9 usec 0.9 usec 


10.6 usec Reserved 


Reserved Reserved 


Reserved Reserved 


7.18.3 Consumer-IR Configuration Register (RCCFG), 


This register control the basic operation of the Consumer- 
01010 37 KHz reserved IR mode. After reset, the content of this register is OOh. 


01011 38 KHz 480 KHz 


Consumer-IR 
01100 39 KHz reserved Q Configuration Register 
(RCCFG 


01101 40 KHz reserved Po[oTo[oTo To] oo] Reset 


01110 41 KHz reserved 


Bank 7, 
Offset 02h 


RC_MMDO 


RC_MMD1 
53 KHz reserved TXHSC 


54 KHz reserved Reserved 
RCDM_DS 
55 KHz reserved RXHSC 

56 KHz reserved — T_OV 


R_LEN 
56.9 KHz reserved 


FIGURE 7-37. RCCFG Register Bitmap 


reserved reserved 


Bits 1,0 - Transmitter Modulator Mode (RC_MMD(1,0)) 


Determines how infrared pulses are generated from the 
transmitted bit string. (see Table 7-28). 
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TABLE 7-28. Transmitter Modulation Mode Selection 


RCCFG 
Bits 
10 


Modulation Mode 


00 C_PLS Modulation mode. Pulses are 
generated continuously for the entire logic 


0 bit time. 


8 PLS Modulation Mode. 8 pulses are 
generated each time one or more logic 0 
bits are transmitted following a logic 1 bit. 


6 PLS Modulation Mode. 6 pulses are 
generated each time one or more logic 0 
bits are transmitted following a logic 1 bit. 


11 Reserved. Result is indeterminate. 


Bit 2 - Transmitter Subcarrier Frequency Select 
(TXHSC) 


This bit selects the modulation carrier frequency range. 
0: Low frequency: 30-56.9 KHz 
1: High frequency: 400-480 KHz 


Bit 3 - Reserved 
Read/Write 0. 


Bit 4 - Receiver Demodulation Disable (RCDM_DS) 


When this bit is 1, the internal demodulator is disabled. 
The internal demodulator, when enabled, performs car- 
rier frequency checking and envelope detection. 


This bit must be set to 1 (disabled), when the demodu- 
lation is performed externally, or when oversampling 
mode is selected to determine the carrier frequency. 


0: Internal demodulation enabled. 
1: Internal demodulation disabled. 


Bit 5 - Receiver Carrier Frequency Select (RXHSC) 


This bit selects the receiver demodulator frequency 
range. 


0: Low frequency: 30-56.9 KHz 
1: High frequency: 400-480 KHz 


Bit 6 - Receiver Sampling Mode Select(T_OV) 
0: Programmed-T-period sampling. 
1: Oversampling mode. 


Bit 7 - Run Length Control (R_LEN) 


Enables or disables run length encoding/decoding. The 
format of a run length code is: 


YXXXXXXX 


where, Y is the bit value and XXXXXXX is the number 
of bits minus 1 (Selects from 1 to 128 bits). 


0: Run Length Encoding/decoding is disabled. 
1: Run Length Encoding/decoding is enabled. 
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7.18.4 Link Control/Bank Select Registers (LCR/BSR) 


These registers are the same as the registers at offset 
03h in bank 0. 


7.18.5 Infrared Interface Configuration Register 1 


(IRCFG1) 
This register holds the transceiver configuration data for 
Sharp-IR and SIR modes. It is also used to directly control 
the transceiver operation mode when automatic configura- 
tion is not enabled. The four least significant bits are also 
used to read the identification data of a Plug and Play infra- 
red interface adaptor. 


7 6 5 4 3 2 1 Infrared Configuration 


[oo] 0] 0] 0] 0] 0] x rose URGE!) 
PL TT TT TY fReauirea 


Bank 7, 
eee 


Offset 04h 
IRID3 


| res 


— STRV_MS 


FIGURE 7-38. IRCFG1 Register Bitmap 


Bit 0 - Transceiver Identification/Control Bit 0 (IRICO) 
The function of this bit depends on whether the 
IDO/IRSLO/IRRX2 pin is programmed as an input or an 
output. 

If IDO/IRSLO/IRRX2 

(IRSLO_DS = 0) then: 

— Upon read, this bit returns the logic level of the pin 
(allowing external devices to identify themselves). 

— Data written to this bit position is ignored. 

If IDO/IRSLO/IRXX2 is programmed as an output 

(IRSLO_DS = 1), then: 

— If AMCFG (bit 7 of IRCFG4) is set to 1, this bit drives 
the IDO/IRSLO/IRRX2 pin when Sharp-IR mode is 
selected. 

— If AMCFG is 0, this bit will drive’ the 
IDO/IRSLO/IRRX2 pin, regardless of the selected 
mode. 


Upon read, this bit returns the value previously written. 


is programmed as an_ input 


Bits 2-1 - Transceiver Identification/Control Bits 2-1 
(IRIC2-1) 

The function of these bits depends on whether the 

ID/IRSL(2-1) pins are programmed as inputs or outputs. 

If ID/IRSL(2-1) are programmed as input (IRSL21_DS = 

0) then: 

— Upon read, these bits return the logic level of the 
pins (allowing external devices to identify them- 
selves). 

— Data written to these bit positions will be ignored. 


If ID/IRSL(2-1) are programmed as output (IRSL21_DS 
= 1) then: 


Enhanced Serial Port with IR - UART2 (Logical Device 5 


— If AMCFG (bit 7 of IRCFG4) is set to 1, these bits 
drive the ID/IRSL(2-1) pins when Sharp-IR mode is 
selected. 


— If AMCFG is 0, these bits will drive the ID/IRSL(2- 
1)pins, regardless of the selected mode. 


Upon read, these bits return the values previously writ- 
ten. 


Bit 3 - Transceiver identification (IRID3) 
Upon read, this bit returns the logic level of the ID3 pin. 
Data written to this bit position is ignored. 


Bits 6-4 - SIR Mode Transceiver Configuration (SIRC(2- 
0)) 
These bits will drive the ID/IRSL(2-0) pins when AMCFG 
(bit 7 of IRCFG4) is 1 and SIR mode is selected. They 
are unused when AMCFG is 0 or when the ID/IRSL (2- 
0) pins are programmed as inputs. SIRCO is also un- 
used when the IRSLO_DS bit in IRCFG4 is 0. 


Upon read, these bits return the values previously written. 


Bit 7 - Special Transceiver Mode Selection (STRV_MS) 


When this bit is set to 1, the IRTX output signal is forced 
to active high and a timer is started. 


The timer times out after 64 usec, at which time the bit 
is reset and the IRTX output signal becomes low again. 
The timer is restarted every time a 1 is written to this bit. 


Although it is possible to extend the period during which 
IRTX remains high beyond 64 usec, this should be 
avoided to prevent damage to the transmitter LED. 


Writing a zero to this bit has no effect. 
7.18.6 Reserved Register 
Bank 7 register with offset 05h is reserved. 


7.18.7 Infrared Interface Configuration 3 Register 


(IRCFG3) 


This register sets the external transceiver configuration for 
the low speed and high speed Consumer IR modes of op- 
eration. Upon reset, the content of this register is OOh. 


7 6 5 4 3 2 j Infrared Configuration 


CoToToPOTOTOLOTOfresct Registers 
or TT Tor TL Jere 


Bank 7, 
7a hes 


Offset 06h 
Reserved 


ee aner 


— Reserved 


FIGURE 7-39. IRCFG3 Register Bitmap 


Bits 2-0 - Consumer-IR Mode Transceiver 
Configuration, Low-Speed (RCLC) 
These bits drive the ID/IRSL(2-0) pins when AMCFG is 
1 and Consumer-IR mode with 30-56 KHz receiver car- 
rier frequency is selected. They are unused when AM- 
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CFG is O or when the ID/IRSL(2-0) pins are 
programmed as inputs. Upon read, these bits return the 
values previously written. 


Bit 3 - Reserved 
Read/Write 0. 


Bits 6-4 - Consumer-IR Mode Transceiver 
Configuration, High-Speed (RCHC) 
These bits drive the IRSL(2-0) pins when AMCFG (bit 7 
of IRCFG4) is 1 and Consumer-IR mode with 400-480 
KHz receiver carrier frequency is selected. They are un- 
used when AMCFG is 0 or when the ID/IRSL(2-0) pins 
are programmed as inputs. 


Upon read, these bits return the values previously writ- 
ten. 


Bit 7 - Reserved 
Read/Write 0. 


7.18.8 Infrared Interface Configuration Register 4 


(IRCFG4) 


This register configures the receiver data path and enables 
the automatic selection of the configuration pins. 


After reset, this register contains 00h. 


7 6 5 4 3 2 j Infrared Configuration 


ToT oPoTO poo po]rescs Register’ 
[ToT TT Toro o recur 


Bank 7, 
Offset 07h 
Reserved 
Reserved 
Reserved 
IRSL21_DS 
RXINV 
IRSLO_DS 
'— Reserved 
\— AMCFG 


FIGURE 7-40. IRCFG4 Register Bitmap 


Bits 2-0 - Reserved 
Read/write 0. 


Bit 3- ID/IRSL(2-1) Pins’ Direction Select (IRSL21_DS) 


This bit determines the direction of the ID/IRSL2 and 
ID/IRSL1 pins. 


0: Pins’ direction is input. 
1: Pins’ direction is output. 


Bit 4 - IRRX Signal Invert (RXINV) 


This bit supports optical transceivers with receive sig- 
nals of opposite polarity (active high instead of active 
low). 

When set to 1 an inverter is put on the path of the input 
signal of the receiver. 


Bit 5 - IDO/IRSLO/IRRX2 Pin Direction Select (IRSLO_DS) 


This bit determines the direction of the IDO/ 
IRSLO/IRRX2 pin. See Table 7-29 on page 190. 
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0: Pin’s direction is input. 
1: Pin’s direction is output. 


Bit 6 - Reserved 
Read/write 0. 


Bit 7 - Automatic Module Configuration (AMCFG) 


When set to 1, this bit enables automatic infrared con- 
figuration. 


TABLE 7-29. Infrared Receiver Input Selection 


Bit 4 of IRCR2 


: 1 
Bit 5 of IRCFG4 (AUX_IRRX)2 


(IRSLO_DS) Selected IRRX 


0 0 
0 1 IRRX2 
1 0 IRRX1 
1 1 1 


1. IRCFG4 is in bank 7, offset O7h. 
described on page 189. 

2. AUX_IRRX (bit 4 of IRCR2) is described on 
page 183. 


IRRX1 


It is 


7.19 UART2 WITH IR REGISTER BITMAPS 


Read Cycles 


7 6 5 4 3 2 1 =0 Receiver Data 


Register (RXD) 
Bank 0, 
Offset 00h 


Reset 


Required 


Received Data 


Write Cycles 


7 6 5 4 3 2 1 =0 Transmitter Data 
Register (TXD) 
Bank 0, 
Offset 00h 


Reset 
Required 


Transmitted Data 
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Extended Mode 
7 6 5 4 3 2 1 =+0 


}o | o/ of 0] 0] 0} o/ o}Reset 
OPO TT TT YT fRequirea 


RXHDL_IE 
TXLDL_IE 
LS_IE or TXUR_IE 
MS_IE 
DMA_IE 
TXEMP_IE 
'_ Reserved 
— Reserved 


Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


Non-Extended Modes, Read Cycles 
7 6 5 4 3 2 1 =0 Event Identification 


foToTofofololo]1|Rreset  Resister (FIR) 
fe fee eon oP ae | Required 


Offset 02h 
IPF - Interrupt Pending 
IPRO - Interrupt Priority 0 
IPR1 - Interrupt Priority 1 
RXFT - RX_FIFO Time-Out 
Reserved 
Reserved 
— FENO - FIFO Enabled 
— FEN1 - FIFO Enabled 


Extended Mode, Read Cycles 
7 6 5 4 3 2 1 :=0 Event Identification 


PoTOToTOPoTOTOT |reset Resear 
efor TTT TT Jreauies 


Offset 02h 
RXHDL_EV 
TXLDL_EV 
LS EV or TXHLT_EV 
MS_EV 
DMA_EV 
TXEMP-EV 
__ Reserved 


— Reserved 


Write Cycles 
7 65 43 210 


folofofo}olojolo 
fet aes), SON hd 
FIFO_EN 


RXSR 
TXSR 
Reserved 
TXFTHO 
TXFTH1 
'— RXFTHO 
'— RXFTH1 


FIFO Control 
Register (FCR) 
Bank 0, 


Reset 
i Offset 02h 


Required 
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Link Control 
Register (LCR) 
All Banks, 
Offset 03h 


Bank Selection 
Register (BSR) 
All Banks, 
Offset 03h 


Bank Selected 


— BKSE-Bank Selection Enable 


Non-Extended Mode 
Modem Control 
Register (MCR) 
Bank 0, 
Offset 04h 


RILP 
ISEN or DCDLP 
LOOP 
Reserved 
— Reserved 
— Reserved 


Extended Mode 


Modem Control 
Register (MCR) 
Bank 0, 

Offset 04h 


Non-Extended Mode 


76543210 
}o| + {1/0} 0] 0] of o}Reser 


Link Status 
Register (LSR) 
Bank 0, 

Offset 05h 


Modem Status 
Register (MSR) 
Bank 0, 

Offset 06h 


Px ExPXPX]o [0] oT 0] Rese 
PET ELL LL Jreaures 


Non-Extended Mode 
7 6 5 4 3 2 1 =+0 


Scratch Register 
Reset (SCR) 


Bank 0, 


Required Offset 07h 


Scratch Data 


Extended Mode 


Auxiliary Status 
Register (ASCR) 
Bank 0, 

Offset 07h 


Reserved 
RXWDG 
RXACT 
— TXUR 
'— Reserved 
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Legacy Baud Generator Divisor 

76 5 406302 1 0 Low Byte Register 
(LBGD(L) 
Bank 1, 
Offset 00h 


Reset 


Required 


Least Significant Byte 
of Baud Generator 


begacy Baud Generator Divisor 
High Byte Register 

(LBGD(H)) 
Bank 1, 
Offset O1h 


7 6 5 4 3 2 
Reset 


Required 


Most Significant Byte 
of Baud Generator 


Baud Generator Divisor 
Low Byte Register 
(BGD(L)) 
Bank 2, 
Offset 00h 


765 4 3 2 1 


EIEIEIEIEIEIELEL 
PE TT TT I fReauire 


Least Significant Byte 
of Baud Generator 


Baud Generator Divisor 
High Byte Register 
(BGD(H)) 

Bank 2, 

Offset 01h 


765 43 2 1 


Most Significant Byte 
of Baud Generator 
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Extended Control and 
Status Register 1 
(EXCR1) 

Bank 2, 

Offset 02h 


DMASWP 
LOOP 
ETDLBK 
'— Reserved 
— BTEST 


Extended Control and 
Status Register 2 
(EXCR2) 

Bank 2, 

Offset 04h 


7 6 5 4 3 2 


Reserved 


PRESLO 
— PRESL1 
— Reserved 
— LOCK 


765432 4 TX_FIFO 
Current Level 


ToToTofopoyoyo Reset Register (TXFLV) 
PO 0 [Oi fl a Required Bank 2, 


Offset 06h 
TFLO 


TFL1 
TFL2 
TFL3 
TFL4 


a Reserved 


7 6 5 4 3 2 1 
Current Level 


OTOL OPO TOTO LOLA] Reset gg C kent Ne 
fojojo| | | [| | | Required oe Bank 4 


Offset 07h 
RFLO 


RFL1 
RFL2 
RFL3 
RFL4 


een 


RX_FIFO 
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Module agrees 265. 4 804-6 Infrared Control 
(rip) [0/0/00] 0] 0/1] o}Reset ReaRCRD) 
ehae an pOfofoy TT TY fRecuired Oitact Oak 


IR_FDPLX 
IRMSSL 
Reserved 


Reserved 


AUX_IRRX 
Received 
Shadow of 
Link Control Register Infrared Control 


765 43 210 
(SHACH) Too t]o]0]O]o]o]reset Register 
Offset 01h | | | [| [ol | | 0} Required Bank 6, 


Offset 00h 


Reserved 


— SHMD_DS 
— SHDM_DS 


Shadow of P 
FIFO Control Register SIR Pulse Width 
(SH_FCR) Register 


f-6 5. G33. B10 
}o | 0[ of 0/0] 0/0] o|Reset SIR_PW 
PT TT Tel TT Jreauires —ortset 02k | Bank 6, 


Offset 02h 


Reserved 
TXFTHO 
TXFHT1 
'— RXFTHO 
'_ RXFTH1 


Infrared Control Register1 Infrared Receiver 
0 


(IRCR1) Demodulation Control 


Bank 4, Register (IRRXDC) 
Offset 02h Bank 7, 


Offset 00h 


Reserved 
Reserved 
IR_SLO 
IR_SL1 


ee 
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Infrared Transmitter 
Modulation Control 
t 


76543210 
}o | o/ofo}olo| ol o}re 


Infrared Configuration 
set Register 4 


Register 
(IRTXMC) 
Bank 7, 


Tor LL [ofelo]reaires “Bank, 
Offset 01h 


Bank 7, 
Offset 07h 
cides 
MCFR(4-0) av 
IRSLO_DS 
ere 


'— Reserved 
— AMCFG 
Consumer-IR Mode 
7 6 5 4 3 2 1 0 Configuration Register 
foToToToToToToTolnese cers 
ft | | fol [ fi Required 


Offset 02h 
RC_MMDO 


RC_MMD1 


TXHSC 
Reserved 


RCDM_DS 
RXHSC 
TOV 
‘— R_LEN 


Infrared Configuration 
Register 1 


eats 


IRID3 


L oe 


— STRV_MS 


Register 3 
(IRCFG3) 
Bank 7, 
Offset 06h 


, ane 


Reserved 


Rea 


— Reserved 
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8.0 Enhanced Serial Port - UART1 
(Logical Device 6) 


UART1 supports serial data communications with a remote 
peripheral device or modem using a wired interface. The 
module can function as a standard 16450 or 16550, or as 
an Extended UART. 


This module provides receive and transmit channels that 
can operate concurrently in full-duplex mode. This module 
performs all functions required to conduct parallel data in- 
terchange with the system and composite serial data ex- 
change with the external data channel, including: 


Format conversion between the internal parallel data 
format and the external programmable composite seri- 
al format. See Figure 8-2. 


Serial data timing generation and recognition. 


Parallel data interchange with the system using a 
choice of bi-directional data transfer mechanisms. 


Status monitoring for all phases of communications 
activity. 


Existing 16550-based legacy software is completely and 
transparently supported. Module organization and specific 
fallback mechanisms switch the module to 16550 compatibil- 
ity mode upon reset or when initialized by 16550 software. 


8.1 REGISTER BANK OVERVIEW 


Four register banks, each containing eight registers, control 
UART operation. All registers use the same 8-byte address 
space to indicate offsets 00h through 07h, and the active 
bank must be selected by the software. 

The register bank organization enables access to the banks 
as required for activation of all module modes, while main- 
taining transparent compatibility with 16450 or 16550 soft- 
ware, which activates only the registers and specific bits 
used in those devices. For details, See Section 8.2. 

The Bank Selection Register (BSR) selects the active bank 
and is common to all banks. See Figure 8-1. Therefore, 
each bank defines seven new registers. 


BANK 3 


BANK 2 
BANK 1 


BANK 0 


Offset 07h 


Offset 06h 


Offset 05h 


Offset 04h 


LCR/BSR 
Offset 02h 


Offset O1h 


ine Common 


Register 
Throughout 
All Banks 


Offset 00h 


tes Banks 


FIGURE 8-1. Register Bank Architecture 
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The default bank selection after system reset is 0, which 
places the module in the UART 16550 mode. Additionally, 
setting the baud in bank 1 (as required to initialize the 16550 
UART) switches the module to a Non-Extended UART 
mode. This ensures that running existing 16550 software 
will switch the system to the 16550 configuration without 
software modification. 


Table 8-1 shows the main functions of the registers in each 
bank. 


TABLE 8-1. Register Bank Summary 


Bank Main Functions 


0 /|Global Control and Status 


1 |Legacy Bank 


2  |Baud Generator Divisor, 
Extended Control and Status 


Module Revision ID and 
Shadow Registers 


Banks 0 and 1 are the 16550 register banks. The registers 
in these banks are equivalent to the registers contained 
in the 16550 UARTs and are accessed by 16550 soft- 
ware drivers as if the module was a 16550. Bank 1 con- 
tains the legacy Baud Generator Divisor Ports. Bank 0 
registers control all other aspects of the UART function, 
including data transfers, format setup parameters, inter- 
rupt setup and status monitoring. 


Bank 2 contains the non-legacy Baud Generator Divisor 
Ports, and controls the extended features special to this 
UART, that are not included in the 16550 repertoire. See 
”Extended UART Mode” on page 196. 


Bank 3 contains the Module Revision ID and shadow regis- 
ters. The Module Revision ID (MRID) register contains 
a code that identifies the revision of the module when 
read by software. The shadow registers contain the 
identical content as reset-when-read registers within 
bank 0. Reading their contents from the shadow regis- 
ters lets the system read the register content without re- 
setting them. 


8.2 DETAILED DESCRIPTION 


The module provides receive and transmit channels that 
can operate concurrently in full-duplex mode. This module 
performs all functions required to conduct parallel data in- 
terchange with the system and composite serial data ex- 
change with the external data channel, including: 


© Format conversion between the internal parallel data 
format and the external programmable composite seri- 
al format. See Figure 8-2. 


® Serial data timing generation and recognition 


© Parallel data interchange with the system using a 
choice of bi-directional data transfer mechanisms 


® Status monitoring for all phases of the communica- 
tions activity 


The module supplies modem control registers, and a prior- 
itized interrupt system for efficient interrupt handling. 
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8.2.1. 16450 or 16550 UART Mode 


The module defaults to 16450 mode after power up or reset. 
UART 16550 mode is equivalent to 16450 mode, with the 
addition of a 16-byte data FIFO for more efficient data I/O. 
Transparent compatibility is maintained with this UART 
mode in this module. 


Despite the many additions to the basic UART hardware 
and organization, the UART responds correctly to existing 
software drivers with no software modification required. 
When 16450 software initializes and addresses this mod- 
ule, it will in always perform as a 16450 device. 


Data transfer takes place by use of data buffers that inter- 
face internally in parallel and with the external data channel 
in a serial format. 16-byte data FIFOs may reduce host 
overhead by enabling multiple-byte data transfers within a 
single interrupt. With FIFOs disabled, this module is equiv- 
alent to the standard 16450 UART. With FIFOs enabled, the 
hardware functions as a standard 16550 UART. 


The composite serial data stream interfaces with the data 
channel through signal conditioning circuitry such as 
TTL/RS232 converters, modem tone generators, etc. 


Data transfer is accompanied by software-generated con- 
trol signals, which may be utilized to activate the communi- 
cations channel and “handshake” with the remote device. 
These may be supplied directly by the UART, or generated 
by control interface circuits such as telephone dialing and 
answering circuits, etc. 


STARJ-LSB- DATA 5-8 -MSB (PARITY STOP 


FIGURE 8-2. Composite Serial Data 


The composite serial data stream produced by the UART is 
illustrated in Figure 8-2. A data word containing five to eight 
bits is preceded by start bits and followed by an optional 
parity bit and a stop bit. The data is clocked out, LSB first, 
at a predetermined rate (the baud). 


The data word length, parity bit option, number of start bits 
and baud rate are programmable parameters. 


The UART includes a programmable baud rate generator 
that produces the baud rate clocks and associated timing 
signals for serial communication. 


The system can monitor this module status at any time. Sta- 
tus information includes the type and condition of the trans- 
fer operation in process, as well as any error conditions 
(e.g., parity, overrun, framing, or break interrupt). 


The module resources include modem control capability 
and a prioritized interrupt system. Interrupts can be pro- 
grammed to match system requirements, minimizing the 
CPU overhead required to handle the communications 
Line. 


Programmable Baud Generator 


This module contains a programmable baud rate generator 
that generates the clock rates for serial data communication 
(both transmit and receive channels). It divides its input 
clock by any divisor value from 1 to 216.1 The output clock 
frequency of the baud rate generator must be programmed 
to be sixteen times the baud rate value. A 24 MHz input fre- 
quency is divided by a prescale value (PRESL field of 
EXCR2 - see page 209. Its default value is 13) and by a 16- 
bit programmable divisor value contained in the Baud Gen- 
erator Divisor High and Low registers (BGD(H) and BGD(L) 
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- see page 207). Each divisor value yields a clock signal 
(BOUT) and a further division by 16 produces the baud rate 
clock for the serial data stream. It may also be output as a 
test signal when enabled (see bit 7 of EXCR1 on page 207.) 


These user-selectable parameters enable the user to gen- 
erate a large choice of serial data rates, including all stan- 
dard baud rates. A list of baud rates and their settings 
appears in Table 8-12 on page 208. 


Module Operation 


Before module operation can begin, both the communica- 
tions format and baud rate must be programmed by the soft- 
ware. The communications format is programmed by 
loading a control byte into the LCR register, while the baud 
rate is selected by loading an appropriate value into the 
baud rate generator divisor registers and the divisor prese- 
lect values (PRESL) into EXCR2 (see page 209). 


The software can read the status of the module at any time 
during operation. The status information includes full or 
empty state for both transmission and reception channels, 
and any other condition detected on the received data 
stream, like parity error, framing error, data overrun, or 
break event. 


8.2.2 Extended UART Mode 


In Extended UART mode of operation, the module configu- 
ration changes and additional features become available 
which enhance UART capabilities. 


© The interrupt sources are no longer prioritized; they 
are presented bit-by-bit in the EIR (see page 199). 


® An auxiliary status and control register replaces the 
scratchpad register. It contains additional status and 
control flag bits (“Auxiliary Status and Control Register 
(ASCR)” on page 205). 


The TX_FIFO can generate interrupts when the num- 
ber of outgoing bytes in the TX_FIFO drops below a 
programmable threshold. In the Non-Extended UART 
modes, only reception FIFOs have the thresholding 
feature. 


8.3 FIFO TIME-OUTS 


Time-out mechanisms prevent received data from remain- 
ing in the RX_FIFO indefinitely, if the programmed interrupt 
threshold is not reached. 


An RX_FIFO time-out generates a Receiver Data Ready in- 
terrupt if bit 0 of IER is set to 1. An RX_FIFO time-out also 
sets bit 0 of ASCR to 1 if the RX_FIFO is below the thresh- 
old. When a Receiver Data Ready interrupt occurs, this bit 
is tested by the software to determine whether a number of 
bytes indicated by the RX_FIFO threshold can be read with- 
out checking bit 0 of the LSR register. 


The conditions that must exist for a time-out to occur in the 
various modes of operation are described below. 

When a time-out has occurred, it can only be reset when the 
FIFO is read by the CPU. 


Time-out event A generates an interrupt and sets the 
RXF_TOUT bit (bit 0 of ASCR) when all of the following are 
true: 


® At least one byte is in the RX_FIFO, and 


© More than 64 usec or four character times, whichever is 
greater, have elapsed since the last byte was loaded 
into the RX_FIFO from the receiver logic, and 
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© More than 64 usec or four character times, whichever is 
greater, have elapsed since the last byte was read from 
the RX_FIFO by the CPU. 


8.4 AUTOMATIC FALLBACK TO A NON-EXTENDED 
UART MODE 


The automatic fallback feature supports existing legacy 
software packages that use the 16550 UART by automati- 
cally turning off any Extended mode features and switches 
the UART to Non-Extended mode when either of the LB- 
GD(L) or LBGD(H) ports in bank 1 is read from or written to 
by the CPU. 


This eliminates the need for user intervention prior to run- 
ning a legacy program. 


In order to avoid spurious fallbacks, alternate baud rate reg- 
isters are provided in bank 2. Any program designed to take 
advantage of the UART’s extended features, should not use 
LBGD(L) and LBGD(H) to change the baud rate. It should 
use the BGD(L) and BGD(H) registers instead. Access to 
these ports will not cause fallback. 


Fallback can occur in any mode. In Extended UART mode, 
fallback is always enabled. In this case, when a fallback oc- 
curs, the following happens: 


® Transmission and Reception FIFOs switch to 16 levels. 


® A value of 13 is selected for the baud rate generator 
prescaler 


® The BTEST and ETDLBK bits in the EXCR1 register 
are cleared. 


© UART mode is selected. 


® A switch to a Non-Extended UART mode occurs. 


When a fallback occurs in a Non-Extended UART mode, the 
last two of the above actions do not take place. 


Fallback from a Non-Extended mode can be disabled by 
setting the LOCK bit in register EXCR2. When LOCK is set 
to 1 and the UART is in a Non-Extended mode, two scratch 
registers overlaid with LBGD(L) and LBGD(H) are enabled. 
Any attempted CPU access of LBGD(L) and LBGD(H) ac- 
cesses the scratch registers, and the baud rate setting is not 
affected. This feature allows existing legacy programs to 
run faster than 115.2 Kbps. 


8.4.1 


This feature allows software to send high-speed data in Pro- 
grammed Input/Output (PIO) mode without the risk of gen- 
erating a transmitter underrun. 


Transmission Deferral 


Transmission deferral is available only in Extended mode 
and when the TX_FIFO is enabled. When transmission de- 
ferral is enabled (TX_DFR bit in the MCR register set to 1) 
and the transmitter becomes empty, an internal flag is set 
and locks the transmitter. If the CPU now writes data into 
the TX_FIFO, the transmitter does not start sending the 
data until the TX_FIFO level reaches 14 at which time the 
internal flag is cleared. The internal flag is also cleared and 
the transmitter starts transmitting when a time-out condition 
is reached. This prevents some bytes from being in the 
TX_FIFO indefinitely if the threshold is not reached. 


The time-out mechanism is implemented by a timer that is 
enabled when the internal flag is set and there is at least 
one byte in the TX_FIFO. Whenever a byte is loaded into 
the TX_FIFO the timer gets reloaded with the initial value. If 
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no bytes are loaded for a 64-usec time, the timer times out 
and the internal flag is cleared, thus enabling the transmit- 
ter. 


8.5 BANK 0 —- GLOBAL CONTROL AND STATUS 
REGISTERS 


In the Non-Extended modes of operation, bank 0 is compat- 
ible with both the 16450 and the 16550. Upon reset, this 
module defaults to the 16450 mode. In the Extended mode, 
all the Registers (except RXD/ TXD) offer additional fea- 
tures. 


TABLE 8-2. Bank 0 Serial Controller Base Registers 


Description 


Receiver Data Port/ Transmitter Data 
Port 


Interrupt Enable Register 


Event Identification Register/ 
FIFO Control Register 


Line Control Register/ 
Bank Select Register 


Modem Control Register 


Line Status Register 


Modem Status Register 


Scratch Register/ 


ASCR | Auxiliary Status and Control Register 


8.5.1. Receiver Data Port (RXD) or the Transmitter 


Data Port (TXD) 
These ports share the same address. 


RXD is accessed during CPU read cycles. It is used to read 
data from the Receiver Holding Register when the FIFOs 
are disabled, or from the bottom of the RX_FIFO when the 
FIFOs are enabled. See Figure 8-3. 


Receiver Data Port (RXD) 


Receiver Data 
Port (RXD) 
Bank 0, 
Offset 00h 


7 6 5 4 3 2 1 +0 
Reset 


Required 


Received Data 


FIGURE 8-3. RXD Register Bitmap 


Bits 7-0 - Received Data 


Used to access the Receiver Holding Register when the 
FIFOs are disabled, or the bottom of the RX_FIFO when 
the FIFOs are enabled. 
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TXD is accessed during CPU write cycles. It is used to write 
data to the Transmitter Holding Register when the FIFOs 
are disabled, or to the TX_FIFO when the FIFOs are en- 
abled. See Figure 8-4. 


Transmitter Data 
Port (TXD) 

Bank 0, 
Offset 00h 


Reset 
Required 


Transmitted Data 


FIGURE 8-4. TXD Register Bitmap 


Bits 7-0 - Transmitted Data 


Used to access the Transmitter Holding Register when 
the FIFOs are disabled or the top of TX_FIFO when the 
FIFOs are enabled. 


8.5.2 


This register controls the enabling of various interrupts. 
Some interrupts are common to all operating modes of the 
module, while others are mode specific. Bits 4 to 7 can be 
set in Extended mode only. They are cleared in Non-Ex- 


Interrupt Enable Register (IER) 


tended mode. The bits of the Interrupt Enable Register 
(IER) are defined differently, depending on operating the 
module in Extended or Non-Extended mode. 


The following sections describe the bits in this register for 
each of these modes. 


The reset mode for the IER is the Non-Extended UART 
mode. 


When edge-sensitive interrupt triggers are employed, user is 
advised to clear all IER bits immediately upon entering the in- 
terrupt service routine and to re-enable them prior to exiting 
(or alternatively, to disable CPU interrupts and re-enable pri- 
or to exiting). This will guarantee proper interrupt triggering in 
the interrupt controller in case one or more interrupt events 
occur during execution of the interrupt routine. 


If the LSR, MSR or EIR registers are to be polled, interrupt 
sources which are identified by self-clearing bits should 
have their corresponding IER bits set to 0, to prevent spuri- 
ous pulses on the interrupt output pin. 


If an interrupt source must be disabled, the CPU can do so 
by clearing the corresponding bit in the IER register. How- 
ever, if an interrupt event occurs just before the correspond- 
ing enable bit in the IER register is cleared, a spurious 
interrupt may be generated. To avoid this problem, the 
clearing of any IER bit should be done during execution of 
the interrupt service routine. If the interrupt controller is pro- 
grammed for level-sensitive interrupts, the clearing of IER 
bits can also be performed outside the interrupt service rou- 
tine, but with the CPU interrupt disabled. 
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Interrupt Enable Register (IER), in the Non-Extended 
Mode 


Upon reset, the IER supports the Non-Extended mode. Fig- 
ure 8-5 shows the bitmap of the Interrupt Enable Register in 
these modes. 


IER in Non-Extended Modes 


7 6 5 4 3 2 Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


Reserved 
Reserved 
— Reserved 
— Reserved 


FIGURE 8-5. IER Register Bitmap, Non-Extended Mode 


Bit 0 - Receiver High-Data-Level Interrupt Enable 
(RXHDL_IE) 


Setting this bit enables interrupts on Receiver High- 
Data-Level, or RX_FIFO Time-Out events (EIR Bits 3-0 
are 0100 or 1100. See Table 8-3 on page 200). 


0: Disable Receiver High-Data-Level and RX_FIFO 
Time-Out interrupts (Default). 


1: Enable Receiver High-Data-Level and RX_FIFO 
Time-Out interrupts. 


Bit 1 - Transmitter Low-Data-Level Interrupt Enable 
(TXLDL_IE) 


Setting this bit enables interrupts on Transmitter Low 

Data-Level-events (EIR Bits 3-0 are 0010. See Table 

8-3 on page 200). 

0: Disable Transmitter Low-Data-Level Interrupts (De- 
fault). 


1: Enable Transmitter Low-Data-Level Interrupts. 


Bit 2 - Line Status Interrupt Enable (LS_IE) 


Setting this bit enables interrupts on Line Status events. 
(EIR Bits 3-0 are 0110. See Table 8-3 on page 200). 


0: Disable Line Status Interrupts (LS_EV) (Default). 
1: Enable Line Status Interrupts (LS_EV). 


Bit 3 - Modem Status Interrupt Enable (MS_IE) 


Setting this bit enables the interrupts on Modem Status 
events. (EIR Bits 3-0 are 0000. See Table 8-3 on page 
200). 


0 - Disable Modem Status Interrupts (MS_EV) (De- 
fault). 


1: Enable Modem Status Interrupts (MS_EV). 


Bits 7-4- Reserved 
These bits are reserved. 
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Interrupt Enable Register (IER), in the Extended Mode 


Figure 8-6 shows the bitmap of the Interrupt Enable Regis- 
ter in these mode. 


IER in Extended Mode 


Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


Reserved 
__ TXEMP_IE 
— Reserved 
— Reserved 


FIGURE 8-6. IER Register Bitmap, Extended Mode 


Bit 0 - Receiver High-Data-Level Interrupt Enable 
(RXHDL_IE) 


Setting this bit enables interrupts when the RX_FIFO is 
equal to or above the RX_FIFO threshold level, or an 
RX_FIFO time out occurs. 


0: Disable Receiver Data Ready interrupt. (Default) 
1: Enable Receiver Data Ready interrupt. 


Bit 1 - Transmitter Low-Data-Level Interrupt Enable 


(TXLDL_IE) 


Setting this bit enables interrupts when the TX_FIFO is 

below the threshold level or the Transmitter Holding 

Register is empty. 

0: Disable Transmitter Low-Data-Level Interrupts (De- 
fault). 


1: Enable Transmitter Low-Data-Level Interrupts. 


Bit 2 - Line Status Interrupt Enable (LS _IE) 
Setting this bit enables interrupts on Line Status events. 
0: Disable Line Status Interrupts (LS_EV) (Default) 
1: Enable Line Status Interrupts (LS_EV). 


Bit 3 - Modem Status Interrupt Enable (MS_IE) 


Setting this bit enables the interrupts on Modem Status 
events. 


0: Disable Modem Status Interrupts (MS_EV) (Default) 
1: Enable Modem Status Interrupts (MS_EV). 


Bit 4 - Reserved 
Reserved. 


Bit 5 - Transmitter Empty Interrupt Enable (TXEMP_IE) 


Setting this bit enables interrupt generation if the trans- 
mitter and TX_FIFO become empty. 


0: Disable Transmitter Empty interrupts (Default) 
1: Enable Transmitter Empty interrupts. 


Bits 7,6 - Reserved 
Reserved. 


8.5.3 Event Identification Register (EIR) 


The Event Identification Register (EIR) and the FIFO 
Control Register (FCR) (see next register description) 
share the same address. The EIR is accessed during CPU 
read cycles while the FCR is accessed during CPU write cy- 
cles. The Event Identification Register (EIR) indicates the in- 
terrupt source. The function of this register changes 
according to the selected mode of operation. 


Event Identification Register (EIR), Non-Extended Mode 


When Extended mode is not selected (EXT_SL bit in 
EXCR1 register is set to 0), this register is the same as in 
the 16550. 

In a Non-Extended UART mode, this module prioritizes in- 
terrupts into four levels. The EIR indicates the highest level 
of interrupt that is pending. The encoding of these interrupts 
is shown in Table 8-3 on page 200. 


Non-Extended ote Read Cycles 
7 6 5 4 3 2 | Event Identification 


TOTeTOToTOTOT rece: Reiser 
fat | OO Sle) Ie Required 


Offset 02h 
IPF - Interrupt Pending 
IPRO - Interrupt Priority 0 
IPR1 - Interrupt Priority 1 
RXFT - RX_FIFO Time-Out 
Reserved 
Reserved 
— FENO - FIFOs Enabled 
— FEN1 - FIFOs Enabled 


FIGURE 8-7. EIR Register Bitmap, Non-Extended Modes 


Bit 0 - Interrupt Pending Flag (IPF) 
0: There is an interrupt pending. 
1: No interrupt pending. (Default) 


Bits 2,1 - Interrupt Priority 1,0 (IPR1,0) 


When bit 0 (IPF) is 0, these bits indicate the pending in- 
terrupt with the highest priority. See Table 8-3 on page 
200. 


Default value is 00. 


Bit 3 - RX_FIFO Time-Out (RXFT) 


In the 16450 mode, this bit is always 0. In the 16550 
mode (FIFOs enabled), this bit is set to 1 when an 
RX_FIFO read time-out occurred and the associated in- 
terrupt is currently the highest priority pending interrupt. 


Bits 5,4 - Reserved 
Read/Write 0. 


Bit 7,6 - FIFOs Enabled (FEN1,0) 
0: No FIFO enabled. (Default) 
1: FIFOs are enabled (bit 0 of FCR is set to 1). 
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TABLE 8-3. Non-Extended Mode Interrupt Priorities 


Interrupt Set and Reset Functions 


EIR Bits 


3210 Priority 


Level Interrupt Type Interrupt Source Interrupt Reset Control 


0001 cor None None en! 


0110 Highest Line Status | Parity error, framing error, data overrun | Read Line Status Register (LSR). 
or break event 


0100 Second Receiver High | Receiver Holding Register (RXD) full, or | Reading the RXD or, RX_FIFO level 
Data Level RX_FIFO level equal to or above drops below threshold. 
Event threshold. 


Second | RX_FIFO Time-| At least one character is in the Reading the RXD port. 

Out RX_FIFO, and no character has been 
input to or read from the RX_FIFO for 4 
character times. 


Transmitter Low| Transmitter Holding Register or Reading the EIR Register if this 
Data Level TX_FIFO empty. interrupt is currently the highest 
Event priority pending interrupt, or writing 
into the TXD port. 


Modem Status | Any transition on CTS, DSR or DCD or a| Reading the Modem Status Register 
low to high transition on RI. (MSR). 


Event Identification Register (EIR), Extended Mode Bit 2 - Line Status Event (LS_EV) or Transmitter Halted 


In Extended mode, each of the previously prioritized and Event (AHPILEY) ; 7 
encoded interrupt sources is broken down into individual This bit is set to 1 when a receiver error or break condi- 
bits. Each bit in this register acts as an interrupt pending tion is reported. 

flag, and is set to 1 when the corresponding event occurred When FIFOs are enabled, the Parity Error(PE), Frame 
or is pending, regardless of the IER register bit setting. Error(FE) and Break(BRk) conditions are only reported 
when the associated character reaches the bottom of 
the RX_FIFO. An Overrun Error (OE) is reported as 


Extended aes Read Cycles soon as it occurs. 


7 6 5 4 3 2 +1 Event Identification 


ie ele oo ora Aacat paca nia. Bit 3 - Modem Status Event (MS_EV) 


Offset 02h In UART mode this bit is set to 1 when any of the 0 to 3 
Fe pesues bits in the MSR register is set to 1. 
RXHDL_EV 
TXLDL_EV <4 
LS_EV or TXHLT_EV ead/Write 0. 


MS_EV : : 
Basorved Bit 5 - Transmitter Empty (TXEMP_EV) 


TXEMP-EV This bit is the same as bit 6 of the LSR register. It is set 
L_ Reserved to 1 when the transmitter is empty. 


Bit 4 - Reserved 


— Reserved Bits 7,6 - Reserved 


Read/Write 0. 


FIGURE 8-8. EIR Register Bitmap, Extended Mode 


8.5.4 FIFO Control Register (FCR) 


The FIFO Control Register (FCR) is write only. It is used to 
enable the FIFOs, clear the FIFOs and set the interrupt 
thresholds levels for the reception and transmission FIFOs. 


Bit 0 - Receiver High-Data-Level Event (RXHDL_EV) 
When FIFOs are disabled, this bit is set to 1 when a 
character is in the Receiver Holding Register. 


When FIFOs are enabled, this bit is set to 1 when the 
RX_FIFO is above threshold or an RX_FIFO time-out 
has occurred. 


Bit 1 - Transmitter Low-Data-Level Event (TXLDL_EV) 


When FIFOs are disabled, this bit is set to 1 when the 
Transmitter Holding Register is empty. 


When FIFOs are enabled, this bit is set to 1 when the 
TX_FIFO is below the threshold level. 
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Write oo 
7 6 5 4 3 2 | 


[oo] 9] 9] oT 0] oo res 
PLT | fo] | Y fReauirea 


FIFO_EN 
RXSR 
TXSR 
Reserved 
TXFTHO 
TXFTH1 
'— RXFTHO 
'— RXFTH1 


FIFO Control 
Register (FCR) 
Bank 0, 

Offset 02h 


FIGURE 8-9. FCR Register Bitmap 


Bit 0 - FIFO Enable (FIFO_EN) 


When set to 1 enables both the Transmision and Recep- 
tion FIFOs. Resetting this bit clears both FIFOs. 


Bit 1 - Receiver Soft Reset (RXSR) 


Writing a 1 to this bit generates a receiver soft reset, 
which clears the RX_FIFO and the receiver logic. This 
bit is automatically cleared by the hardware. 


Bit 2 - Transmitter Soft Reset (TXSR) 


Writing a 1 to this bit generates a transmitter soft reset, 
which clears the TX_FIFO and the transmitter logic. This 
bit is automatically cleared by the hardware. 


Bit 3 - Reserved 
Read/Write 0. 


Bits 5,4 - TX_FIFO Threshold Level (TXFTH1,0) 
In Non-Extended modes, these bits have no effect. 


In Extended modes, these bits select the TX_FIFO in- 
terrupt threshold level. An interrupt is generated when 
the level of the data in the TX_FIFO drops below the en- 
coded threshold. 


TABLE 8-4. TX_FIFO Level Selection 


TXFTH (Bits 5,4) | TX_FIFO Threshold 


00(Default) 1 
01 
10 
11 


13 


Bits 7,6 - RX_FIFO Threshold Level (RXFTH1,0) 


These bits select the RX_FIFO interrupt threshold level. 
An interrupt is generated when the level of the data in 
the RX_FIFO is equal to or above the encoded thresh- 
old. 
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TABLE 8-5. RX_FIFO Level Selection 


RXFTH (Bits 5,4)) RX_FIFO Threshold 


00(Default) 1 
01 4 
10 
11 


14 


8.5.5 Line Control Register (LCR) and Bank 


Selection Register (BSR) 


The Line Control Register (LCR) and the Bank Select 
Register (BSR) (see the next register) share the same ad- 
dress. 


The Line Control Register (LCR) selects the communica- 
tions format for data transfers. 


Upon reset, all bits are set to 0. 


Reading the register at this address location returns the 
content of the BSR. The content of LCR may be read from 
the Shadow of Line Control Register (SH_LCR) register in 
bank 3 (See Section 8.8.2 on page 210). During a write op- 
eration to this register at this address location, the setting of 
bit 7 (Bank Select Enable, BKSE) determines whether LCR 
or BSR is to be accessed, as follows: 


® If bit 7 is 0, the write affects both LCR and BSR. 


© If bit 7 is 1, the write affects only BSR, and LCR remains 
unchanged. This prevents the communications format 
from being spuriously affected when a bank other than 
0 or 1 is accessed. 


Upon reset, all bits are set to 0. 


Line Control Register (LCR) 


Line Control 
Register (LCR) 
All Banks, 
Offset 03h 


7 6 5 43 2 


FIGURE 8-10. LCR Register Bitmap 


Bits 1,0 - Character Length Select (WLS1,0) 
These bits specify the number of data bits in each trans- 
mitted or received serial character. Table 8-6 shows 
how to encode these bits. 
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TABLE 8-6. Word Length Select Encoding This bit acts only on the transmitter front-end and has no 
effect on the rest of the transmitter logic. 


WLS1 WLSO Character Length When set to 1 the SOUT pin is forced to a logic 0 state. 


5 (Defaul To avoid transmission of erroneous characters as a re- 
0 (Default) sult of the break, use the following procedure to set 
1 6 SBRK: 


1. Wait for the transmitter to be empty. (TXEMP = 1). 
2. Set SBRK to 1. 


3. Wait for the transmitter to be empty, and clear SBRK 
when normal transmission must be restored. 


0 7 
1 8 


Bits 2 - Number of Stop Bits (STB) Bit 7 - Bank Select Enable (BKSE) 


This bit specifies the number of stop bits transmitted 0: This register functions as the Line Control Register 
with each serial character. (LCR). 


0: One stop bit is generated. (Default) 1: This register functions as the Bank Select Register 
1: If the data length is set to 5-bits via bits 1,0 (BSR). 

(WLS1,0), 1.5 stop bits are generated. For 6, 7 or 8 

bit word lengths, two stop bits are transmitted. The 8.5.6 Bank Selection Register (BSR) 

receiver checks for one stop bit only, regardless of 


the number of stop bits selected. 
P Bank Selection 


Bit 3 - Parity Enable (PEN) 76 5 4 3 2 1 Register (BSR) 


This bit enable the parity bit See Table 8-7 on page 202. roTopofoyololoyo Figsel OfDSL 
The parity enable bit is used to produce an even or odd Ae ee cea], Be Required 


number of 1s when the data bits and parity bit are 
summed, as an error detection device. 


0: No parity bit is used. (Default) 


1: A parity bit is generated by the transmitter and 
checked by the receiver. 

Bank Selection 

Bit 4 - Even Parity Select (EPS) 


When Parity is enabled (PEN is 1), this bit, together with . 
bit 5 (STKP), controls the parity bit as shown in Table —  BKSE-Bank Selection Enable 
8-7. 

0: If parity is enabled, an odd number of logic 1s are 


transmitted or checked in the data word bits and . : . . 
parity bit. (Default) The Bank Selection Register (BSR) selects which register 


bank is to be accessed next. 


FIGURE 8-11. BSR Register Bitmap 


If parity is enabled, an even number of logic 1s are 


Tene InOeOUCHeGseC: About accessing this register see the description of bit 


Bit 5 - Stick Parity (STKP) Pel ie: Pen Hedietet: 
When Parity is enabled (PEN is 1), this bit, together with Bits 6-0 - Bank Selection 
bit 4 (EPS), controls the parity bit as show in Table 8-7. When bit 7 is set to 1. bits 6-0 of BSR select the bank 


TABLE 8-7. Bit Settings for Parity Control as shown in Table 8-8. 


EPS STKP Selected Parity Bit Bit 7 - Bank Selection Enable (BKSE) 
0: Bank 0 is selected. 


x x None 1 
0 0 Odd 
0 


Even 


: Bits 6-0 specify the selected bank. 


Logic 1 


Logic 0 


Bit 6 - Set Break (SBRK) 
This bit enables or disables a break. During the break, 
the transmitter can be used as a character timer to ac- 
curately establish the break duration. 
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TABLE 8-8. Bank Selection Encoding 


BSR Bits Bank 


Selected 


LCR 


LCR is writ+ 
ten 


LCR is not 
written 


8.5.7. Modem/Mode Conirol Register (MCR) 


This register controls the interface with the modem or data 
communications set, and the device operational mode 
when the device is in the Extended mode. The register 
function differs for Extended and Non-Extended modes. 


Modem/Mode Control Register (MCR), Non-Extended 
Mode 
Non-Extended UART mode 


76 5 4 °3 2 ~ 1 


[oo] 0] 0] 0] 0] 0] ofRese 
foto] TT YT JReauirea 


DTR 
RTS 
RILP 
ISEN or DCDLP 
LOOP 


eee 


FIGURE 8-12. MCR Register Bitmap, Non-Extended 
Mode 


Modem Control 
Register (MCR) 
Bank 0, 

Offset 04h 


Bit 0 - Data Terminal Ready (DTR) 


This bit controls the DTR signal output. When set to 1, 
DTR is driven low. When loopback is enabled (LOOP is 
set to 1), this bit internally drives DSR. 


Bit 1 - Request To Send (RTS) 


This bit controls the RTS signal output. When set to 1, 
drives RTS low. When loopback is enabled (LOOP is 
set), this bit drives CTS, internally. 


Bit 2 - Loopback Interrupt Request (RILP) 


When loopback is enabled, this bit internally drives RI. 
Otherwise it is unused. 


Bit 3 - Interrupt Signal Enable (ISEN) or Loopback DCD 
(DCDLP) 
In normal operation (standard 16450 or 16550) mode, 


this bit controls the interrupt signal and must be set to 1 
in order to enable the interrupt request signal. 
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When loopback is enabled, the interrupt output signal is 
always enabled, and this bit internally drives DCD. 


New programs should always keep this bit set to 1 dur- 
ing normal operation. The interrupt signal should be 
controlled through the Plug-n-Play logic. 


Bit 4 - Loopback Enable (LOOP) 


When this bit is set to 1, it enables loopback. This bit ac- 
cesses the same internal register as bit 4 of the EXCR1 
register. (see “Bit 4 - Loopback Enable (LOOP)” on page 
208 for more information on the Loopback mode). 


0: Loopback disabled. (Default) 
1: Loopback enabled. 


Bits 7-5 - Reserved 
Read/Write 0. 


Modem/Mode Conirol Register (MCR), Extended Mode 


In Extended mode the interrupt output signal is always en- 
abled, and loopback can be enabled by setting bit 4 of the 
EXCRI1 register. 


Extended Mode 
7 6 5 4 3 2 +1 


[ayo] 0]0] 0] 0] OT ofRese 
po}ofofo} | | TL JReauires 


DTR 
RTS 
Reserved 
TX_DFR 


Modem Control 
Register (MCR) 
Bank 0, 

Offset 04h 


Reserved 


FIGURE 8-13. MCR Register Bitmap, Extended Modes 


Bit 0 - Data Terminal Ready (DTR) 


This bit controls the DTR signal output. When set to1, 
DTR is driven low. When loopback is enabled (LOOP is 
set), this bit internally drives both DSR and RI. 


Bit 1 - Request To Send (RTS) 


This bit controls the RTS signal output. When set to1, 
RTS is driven low. When loopback is enabled ere is 
set), this bit internally drives both CTS and DCD. 


Bit 2 - Reserved 
Read/Write 0. 


Bit 3 - Transmission Deferral (TX_DFR) 


For a detailed description of the Transmission Deferral 
see “Fallback from a Non-Extended mode can be dis- 
abled by setting the LOCK bit in register EXCR2. When 
LOCK is set to 1 and the UART is in a Non-Extended 
mode, two scratch registers overlaid with LBGD(L) and 
LBGD(H) are enabled. Any attempted CPU access of 
LBGD(L) and LBGD(H) accesses the scratch registers, 
and the baud rate setting is not affected. This feature al- 
lows existing legacy programs to run faster than 115.2 
Kbps.” on page 197. 
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0: No transmission deferral enabled. (Default) 
1: Transmission deferral enabled. 


This bit is effective only if the Transmission FIFOs is en- 
abled. 


Bits 7- 4 - Reserved 
Read/Write 0. 


8.5.8 Line Status Register (LSR) 


This register provides status information concerning the 
data transfer. Bits 1 through 4 indicate Line status events. 
These bits are sticky (accumulate the occurrence of error 
conditions since the last time they were read). They are 
cleared when one of the following events occurs: 


© Hardware reset. 

® The receiver is soft-reset. 

© The LSR register is read. 

Upon reset this register assumes the value of Ox60h. 


The bit definitions change depending upon the operation 
mode of the module. 


Bits 4 through 1 of the LSR are the error conditions that gen- 
erate a Receiver Line Status interrupt whenever any of the 
corresponding conditions are detected and that interrupt is 
enabled. 


The LSR is intended for read operations only. Writing to the 
LSR is not permitted 


Z : : 4/3 2 1 Line Status 
Register (LSR) 
Bank 0, 
Offset 05h 


FIGURE 8-14. LSR Register Bitmap 


Bit 0 - Receiver Data Available (RXDA) 
Set to 1 when the Receiver Holding Register is full. 
If the FIFOs are enabled, this bit is set when at least one 
character is in the RX_FIFO. 
Cleared when the CPU reads all the data in the Holding 
Register or in the RX_FIFO. 


Bit 1 - Overrun Error (OE) 


This bit is set to 1 as soon as an overrun condition is de- 
tected by the receiver. 


Cleared upon read. 
With FIFOs Disabled: 


An overrun occurs when a new character is completely 
received into the receiver front-end section and the CPU 
has not yet read the previous character in the receiver 
holding register. The new character is discarded, and 
the receiver holding register is not affected. 
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With FIFOs Enabled: 


An overrun occurs when a new character is completely 
received into the receiver front-end section and the 
RX_FIFO is full. The new character is discarded, and 
the RX_FIFO is not affected. 


Bit 2 - Parity Error (PE) 
This bit is set to 1 if the received data character does not 


have the correct parity, even or odd as selected by the 
parity control bits of the LCR register. 


If the FIFOs are enabled, this error is associated with 
the particular character in the FIFO that it applies to. 
This error is revealed to the CPU when its associated 
character is at the bottom of the RX_FIFO. 


This bit is cleared upon read. 


Bit 3 - Framing Error (FE) 
This bit is set to 1 when the received data character 
does not have a valid stop bit (i.e., the stop bit following 
the last data bit or parity bit is a 0). 


If the FIFOs are enabled, this Framing Error is associat- 
ed with the particular character in the FIFO that it ap- 
plies to. This error is revealed to the CPU when its 
associated character is at the bottom of the RX_FIFO. 
After a framing error is detected, the receiver will try to 
resynchronize. 

If the bit following the erroneous stop bit is 0, the receiv- 
er assumes it to be a valid start bit and shifts in the new 
character. If that bit is a 1, the receiver enters the idle 
state and awaits the next start bit. 


This bit is cleared upon read. 


Bit 4 - Break Event Detected (BRK) 
This bit is set to 1 when a break event is detected (i.e. 
when a sequence of logic 0 bits, equal or longer than a 
full character transmission, is received). If the FIFOs are 
enabled, the break condition is associated with the par- 
ticular character in the RX_FIFO to which it applies. In 
this case, the BRK bit is set when the character reaches 
the bottom of the RX_FIFO. 
When a break event occurs, only one zero character is 
transferred to the Receiver Holding Register or to the 
RX_FIFO. 
The next character transfer takes place after at least 
one logic 1 bit is received followed by a valid start bit. 


This bit is cleared upon read. 


Bit 5 - Transmitter Ready (TXRDY) 


This bit is set to 1 when the Transmitter Holding Regis- 
ter or the TX_FIFO is empty. 


It is cleared when a data character is written to the TXD 
register. 


Bit 6 - Transmitter Empty (TXEMP) 


This bit is set to 1 when the Transmitter Holding Regis- 
ter or the TX_FIFO is empty, and the transmitter front- 
end is idle. 


Bit 7 - Error in RX_FIFO (ER_INF) 


This bit is set to a 1 if there is at least 1 framing error, 
parity error or break indication in the RX_FIFO. 


This bit is always 0 in the 16450 mode. 
This bit is cleared upon read. 
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8.5.9 Modem Status Register (MSR) 


The function of this register depends on the selected oper- 
ational mode. When a UART mode is selected, this register 
provides the current-state as well as state-change informa- 
tion of the status lines from the modem or data transmission 
module. 


When loopback is enabled, the MSR register works similar- 
ly except that its status input signals are internally driven by 
appropriate bits in the MCR register since the modem input 
lines are internally disconnected. Refer to bits 3-0 at the 
MCR (see page 203) and to the LOOP & ETDLBK bits at the 
EXCRI1 (see page 207) for more information. 


A description of the various bits of the MSR register, with 
Loopback disabled and UART Mode selected, is provided 
below. 


When bits 0, 1, 2 or 3 is set to 1, a Modem Status Event 
(MS_EV) is generated if the MS_IE bit is enabled in the IER 


Bits 0 to 3 are set to 0 as a result of any of the following 
events: 


© Hardware reset occurs. 

© The MSR register is read. 

In the reset state, bits 4 through 7 are indeterminate as they 
reflect their corresponding input signals. 

Note: The modem status lines can be used as general 


purpose inputs. They have no effect on the trans- 
mitter or receiver operation. 


Modem Status 
Register (MSR) 
Bank 0, 

Offset 06h 


FIGURE 8-15. MSR Register Bitmap 


Bit 0 - Delta Clear to Send (DCTS) 
Set to 1, when the CTS input signal changes state. 
This bit is cleared upon read. 


Bit 1 - Delta Data Set Ready (DDSR) 
Set to 1, when the DSR input signal changes state. 
This bit is cleared upon read 


Bit 2 - Trailing Edge Ring Indicate (TERI) 
Set to 1, when the RI input signal changes state from 
low to high. 


This bit is cleared upon read 


Bit 3 - Delta Data Carrier Detect (DDCD) 
Set to 1, when the DCD input signal changes state. 
1: DCD signal state changed. 
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Bit 4 - Clear To Send (CTS) 
This bit returns the inverse of the CTS input signal. 


Bit 5 - Data Set Ready (DSR) 
This bit returns the inverse of the DSR input signal. 


Bit 6 - Ring Indicate (Rl) 
This bit returns the inverse of the RI input signal. 


Bit 7 - Data Carrier Detect (DCD) 
This bit returns the inverse of the DCD input signal. 


8.5.10 Scratchpad Register (SPR) 


This register shares a common address with the ASCR 
Register. 


In Non-Extended mode, this is a scratch register (as in the 
16550) for temporary data storage. 


Non-Extended Modes 
7 6 5432140 Scratchpad Register 


R (SCR) 
ea Bank 0, 


Required Offset 07h 


Scratch Data 


FIGURE 8-16. SPR Register Bitmap 


8.5.11 


This register shares a common address with the previous 
one (SCR). 


This register is accessed when the Extended mode of op- 
eration is selected. The definition of the bits in this case is 
dependent upon the mode selected in the MCR register, 
bits 7 through 5. This register is cleared upon hardware re- 
set Bits 2 and 6 are cleared when the transmitter is “soft re- 
set’. Bits 0,1,4 and 5 are cleared when the receiver is “soft 
reset”. 


Auxiliary Status and Control Register (ASCR) 


Extended Modes 
7 6 5 4 3 2 1 


[oO] 0]0] 0] 0] 0] ofrese 
po} of ojo} jojo) |Required 


RXF_TOUT 


Auxiliary Status 
Register (ASCR) 
Bank 0, 

Offset 07h 


Reserved 


FIGURE 8-17. ASCR Register Bitmap 
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Bit 0 - RX_FIFO Time-Out (RXF_TOUT) 


This bit is read only and set to 1 when an RX_FIFO tim- 
eout occurs. It is cleared when a character is read from 
the RX_FIFO. 


Bits 7 - 1 -Reserved 
Read/Write 0. 


8.6 BANK 1 — THE LEGACY BAUD GENERATOR 
DIVISOR PORTS 


This register bank contains two registers as the Baud Gen- 
erator Divisor Port, and a bank select register. 


The Legacy Baud Generator Divisor (LBGD) port provides 
an alternate path to the Baud Divisor Generator register. 
This bank is implemented to maintain compatibility with 
16550 standard and to support existing legacy software 
packages. In case of using legacy software, the addresses 
0 and 1 are shared with the data ports RXD/TXD (see page 
197). The selection between them is controlled by the value 
of the BKSE bit (LCR bit 7 page 201). 


TABLE 8-9. Bank 1 Register Set 


Register 


Offset Name 


Description 


00h LBGD(L) Legacy Baud Generator 


Divisor Port (Low Byte) 


Oih LBGD(H) Legacy Baud Generator 


Divisor Port (High Byte) 


02h 
03h 


Reserved 


LCR/ 
BSR 


Line Control / 
Bank Select Register 


04h - O7h Reserved 


In addition, a fallback mechanism maintains this compatibil- 
ity by forcing the UART to revert to 16550 mode if 16550 
software addresses the module after a different mode was 
set. Since setting the baud rate divisor values is a neces- 
sary initialization of the 16550, setting the divisor values in 
bank 1 forces the UART to enter 16550 mode. (This is 
called fallback.) 


To enable other modes to program their desired baud rates 
without activating this falloack mechanism, the baud rate di- 
visor register in bank 2 should be used. 

8.6.1. Legacy Baud Generator Divisor Ports (LBGD(L) 
and LBGD(h)), 


The programmable baud rates in the Non-Extended mode 
are achieved by dividing a 24 MHz clock by a prescale value 
of 13, 1.625 or 1. This prescale value is selected by the 
PRESL field of EXCR2 (see page 209). This clock is subdi- 
vided by the two baud rate generator divisor buffers, which 
output a clock at 16 times the desired baud rate (this clock is 
the BOUT clock). This clock is used by I/O circuitry, and after 
a last division by 16 produces the output baud rate. 


Divisor values between 1 and 21-1 can be used. (Zero is 
forbidden). The baud rate generator divisor must be loaded 
during initialization to ensure proper operation of the baud 
rate generator. Upon loading either part of it, the baud rate 
generator counter is immediately loaded. Table 8-12 on 
page 208 shows typical baud divisors. After reset the divisor 
register contents are indeterminate. 
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Any access to the LBGD(L) or LBGD(H) ports causes a re- 
set to the default Non-Extended mode, i.e., 16550 mode 
(See “AUTOMATIC FALLBACK TO A NON-EXTENDED 
UART MODE” on page 197).To access a Baud Generator 
Divisor when in the Extended mode, use the port pair in 
bank 2 (BGD on page 207). 


Table 8-10 shows the bits which are cleared when Fallback 
occurs during Extended or Non-Extended modes. 


If the UART is in Non-Extended mode and the LOCK bit is 
1, the content of the divisor (BGD) ports will not be affected 
and no other action is taken. 


When programming the baud rate, the new divisor is loaded 
upon writing into LBGD(L) and LBGD(H). After reset, the 
contents of these registers are indeterminate. 


Divisor values between 1 and 21-1 can be used. (Zero is 
forbidden.) Table 8-12 shows typical baud rate divisors. 


TABLE 8-10. Bits Cleared On Fallback 


UART Mode & LOCK bit before Fallback 


Non-Extended 
Mode 


LOCK = 1 


Non-Extended 
Mode 


LOCK = 0 


Extended 
Mode 


LOCK = x 


Register 


2to7 none none 


0, 5 and 7 5 and 7 none 


0to5 0to5 none 


Legacy Baud Generator Divisor 

7 65 43 210 Low Byte port 
(LBGD(L)) 
Bank 1, 
Offset 00h 


Reset 


Required 


Least Significant Byte 
of Baud Generator 


FIGURE 8-18. LBGD(L) Register Bitmap 


Legacy Baud Generator Divisor 
10 High Byte port 
(LBGD(H)) 
Bank 1, 

Offset 01h 


7 6 5 4 3 2 
Reset 


Required 


Most Significant Byte 
of Baud Generator 


FIGURE 8-19. LBGD(H) Register Bitmap 
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8.6.2 Line Control Register (LCR) and Bank Select 


Register (BSR) 
These registers are the same as the registers at offset 03h 
in bank 0. 
8.7. BANK 2 — EXTENDED CONTROL AND STATUS 
REGISTERS 


Bank 2 contains two alternate Baud rate Generator Divisor 
ports and the Extended Control Registers (EXCR1 and 
EXCR2). 


TABLE 8-11. Bank 2 Register Set 


Register 


Offset Slama 


Description 


00h BGD(L) Baud Generator Divisor Port (Low 


byte) 


O1h | BGD(H) | Baud Generator Divisor Port (High 


byte) 


02h 
03h 
04h 
05h 
06h 
07h 


EXCR1 
LCR/BSR 
EXCR2 


Extended Control Register 1 


Line Control/ Bank Select Register 


Extended Control Register 2 


Reserved 
TX_FIFO Level 
RX_FIFO Level 


TXFLV 
RXFLV 


8.7.1. Baud Generator Divisor Ports, LSB (BGD(L)) 


and MSB (BGD(H)) 


These ports perform the same function as the Legacy Baud 
Divisor Ports in Bank 1 and are accessed identically to 
them, but do not change the operation mode of the module 
when accessed. Refer to Section 8.6.1 on page 206 for 
more detail. 


Use these ports to set the baud rate when operating in Ex- 
tended mode to avoid fallback to a Non-Extended operation 
mode, i.e., 16550 compatible.When programming the baud 
rate, writing to BGDH causes the baud rate to change im- 
mediately. 
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Baud Generator Divisor 
Low Byte Port 
(BGD(L)) 

Bank 2, 

Offset 00h 


Least Significant Byte 
of Baud Generator 


FIGURE 8-20. BGD(L) Register Bitmap 


Baud Generator Divisor 
High Byte Port 
(BGD(H)) 
Bank 2, 

Offset 01h 


7 65 4 3 2 1 


DDD DJ [x [rect 
PEE TT TY feared 


Most Significant Byte 
of Baud Generator 


FIGURE 8-21. BGD(H) Register Bitmap 
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TABLE 8-12. Baud Generator Divisor settings 


Prescaler Value 13 


1.625 


Baud 
50 


% Error 
0.16% 


Divisor 
2304 


Divisor 
18461 


% Error 
0.00% 


Divisor 
30000 


% Error 
0.00% 


75 
110 


1536 
1047 


0.16% 
0.19% 


12307 
8391 


0.01% 
0.01% 


20000 
13636 


0.00% 
0.00% 


134.5 
150 


857 
768 


0.10% 
0.16% 


6863 
6153 


0.00% 
0.01% 


11150 
10000 


0.02% 
0.00% 


300 
600 


384 0.16% 


0.16% 


3076 
1538 


0.03% 
0.03% 


5000 
2500 


0.00% 
0.00% 


1200 
1800 


96 
64 


0.16% 
0.16% 


769 
512 


0.03% 
0.16% 


1250 
833 


0.00% 
0.04% 


2000 
2400 


58 
48 


0.53% 
0.16% 


461 
384 


0.12% 
0.16% 


750 
625 


0.00% 
0.00% 


3600 
4800 


32 0.16% 


0.16% 


256 
192 


0.16% 
0.16% 


0.16% 
0.16% 


7200 
9600 


0.16% 
0.16% 


128 
96 


0.16% 
0.16% 


0.16% 
0.16% 


14400 
19200 


0.16% 
0.16% 


64 


0.16% 
0.16% 


0.16% 
0.16% 


28800 
38400 


0.16% 
0.16% 


0.16% 
0.16% 


0.16% 
0.16% 


57600 
115200 


0.16% 
0.16% 


0.16% 
0.16% 


0.16% 
0.16% 


230400 
460800 


0.16% 
0.16% 


750000 
921600 


0.00% 
0.16% oo 


1500000 


8.7.2 


Use this register to control module operation in the Extend- 
ed mode. Upon reset all bits are set to 0. 


Extended Control Register 1 (EXCR1) 


Extended Control and 
Status Register 1 
(EXCR1) 
Bank 2, 
Offset 02h 


765 43 2 120 


}o | o/ of 0} 0] 0} o/ o}Reset 
Ett | [efoto] JRequired 


EXT_SL 


Reserved 


LOOP 
ETDLBK 
'— Reserved 
— BTEST 


FIGURE 8-22. EXCR1 Register Bitmap 
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0.00% 


Bit 0 - Extended Mode Select (EXT_SL) 
When set to 1, the Extended mode is selected. 


Bits 3 - 1 - Reserved 
Read/Write 0. 


Bit 4 - Loopback Enable (LOOP) 


During loopback, the transmitter output is connected in- 
ternally to the receiver input, to enable system self-test 
of serial communications. In addition to the data signal, 
all additional signals within the UART are interconnect- 
ed to enable real transmission and reception using the 
UART mechanisms. 


When this bit is set to 1, loopback is selected. This bit 
accesses the same internal register as bit 4 in the MCR 
register, when the UART is in a Non-Extended mode. 


Loopback behaves similarly in both Non-Extended and 
Extended modes. 

When Extended mode is selected, the DTR bit in the 
MCR register internally drives both DSR and RI, and the 
RTS bit drives CTS and DCD. 
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During loopback, the following actions occur: 


1. The transmitter and receiver interrupts are fully op- 
erational. The Modem Status Interrupts are also fully 
operational, but the interrupt sources are now the 
lower bits of the MCR register. 


UART and infrared receiver serial input signals are 
disconnected. The internal receiver input signals are 
connected to the corresponding internal transmitter 
output signals. 


. The UART transmitter serial output is forced high 
and the infrared transmitter serial output is forced 
low, unless the ETDLBK bit is set to 1. In which case 
they function normally. 


. The modem status input pins (DSR, CTS, RI and 
DCD) are disconnected. The internal modem status 
signals, are driven by the lower bits of the MCR reg- 
ister. 


Bit 5 - Enable Transmitter During Loopback (ETDLBK) 


When this bit is set to 1, the transmitter serial output is 
enabled and functions normally when loopback is en- 
abled. 


Bit 6 - Reserved 
Read/Write 0. 


Bit 7 - Baud Generator Test (BTEST) 


When set, this bit routes the Baud Generator to the DTR 


pin for testing purposes. 


8.7.3 Line Control Register (LCR) and Bank Select 


Register (BSR) 
These registers are the same as the registers at offset 03h 
in bank 0. 


8.7.4 Extended Control and Status Register 2 


(EXCR2) 


This register configures the Prescaler and controls the 
Baud Divisor Register Lock. 


Upon reset all bits are set to 0. 


Extended Control and 
Status Register 2 
(EXCR2) 
Bank 2, 
Offset 04h 


7 6 5 43 2 10 


fo} of ofo} 0] o| 0] o}Reset 
| Lot | [ff] o}Requires 


Reserved 


PRESLO 
— PRESL1 
Reserved 
— LOCK 


FIGURE 8-23. EXCR2 Register Bitmap 


Bits 3 - 0 - Reserved 
Read/Write 0. 
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Bits 5,4 - Prescaler Select 


The prescaler divides the 24 MHz input clock frequency 
to provide the clock for the Baud Generator. (See Table 
8-13). 


TABLE 8-13. Prescaler Select 


Bit 5 Bit 4 Prescaler Value 


0 0 
0 1 
1 0 
1 1.0 


13 
1.625 


Reserved 


Bit 6 - Reserved 
Read/write 0. 


Bit 7 - Baud Divisor Register Lock (LOCK) 


When set to 1, accesses to the Baud Generator Divisor 
Register through LBGD(L) and LBGD(H) as well as fall- 
back are disabled from non-extended mode. 


In this case two scratchpad registers overlaid with LB- 
GD(L) and LBGD(H) are enabled, and any attempted 
CPU access of the Baud Generator Divisor Register 
through LBGD(L) and LBGD(H) will access the scratch- 
pad registers instead. This bit must be set to 0 when ex- 
tended mode is selected. 


8.7.5 


Upon reset, all bits in Bank 2 register with offset 05h are set 
to 0. 


Reserved Register 


Bits 7-0 - Reserved 
Read/write 0’s. 


8.7.6 TX_FIFO Current Level Register (TXFLV) 


This read-only register returns the number of bytes in the 
TX_FIFO. It can be used to facilitate programmed |/O 
modes during recovery from transmitter underrun in one of 
the fast infrared modes. 


Extended Modes 


7 6 5 4 3 2 1 
Current Level 


oTo[o[o]0 op oyo Reset Register (TXFLV) 
fofofo} | | | {| Required Bank 2, 


Offset 06h 
TFLO 


TFL1 
TFL2 
TFL3 
TFL4 


Lee Reserved 


FIGURE 8-24. TXFLV Register Bitmap 


TX_FIFO 


Bits 4-0 - Number of Bytes in TX_FIFO (TFL(4-0)) 
These bits specify the number of bytes in the TX_FIFO. 
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Bits 7,6 - Reserved 
Read/Write 0’s. 
8.7.7 RX_FIFO Current Level Register (RXFLV) 


This read-only register returns the number of bytes in the 
RX_FIFO. It can be used for software debugging. 


Extended Modes 


7 6 5 4 3 2 | 
Current Level 


Po Popo Popo o Reset Register (RXFLV) 
Benes Required Bank 2, 


Offset 07h 
RFLO 


RFL1 
RFL2 
RFL3 
RFL4 


eee Reserved 


FIGURE 8-25. RXFLV Register Bitmap 


Bits 4-0 - Number of Bytes in RX_FIFO (RFL(4-0)) 
These bits specify the number of bytes in the RX_FIFO. 


Bits 7,6 - Reserved 
Read/Write 0’s. 


Note: The contents of TXFLV and RXFLV are not frozen 
during CPU reads. Therefore, invalid data could be re- 
turned if the CPU reads these registers during normal 
transmitter and receiver operation. To obtain correct da- 
ta, the software should perform three consecutive reads 
and then take the data from the second read, if first and 
second read yield the same result, or from the third 
read, if first and second read yield different results. 


8.8 BANK 3 —- MODULE REVISION ID AND SHADOW 
REGISTERS 


Bank 3 contains the Module Revision ID register which 
identifies the revision of the module, shadow registers for 
monitoring various registers whose contents are modified 
by being read, and status and control registers for handling 
the flow control. 


TABLE 8-14. Bank 3 Register Set 


Register 


Offset Name 


Description 


MRID 
SH_LCR 


00h 
Oth 


Module Revision ID Register 


Shadow of LCR Register 
(Read Only) 


Shadow of FIFO Control Register 
(Read Only) 


Line Control Register/ 
Bank Select Register 


02h SH_FCR 


03h LCR/ 


BSR 


Reserved 


04h-07h 
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8.8.1. Module Revision ID Register (MRID) 


This read-only register identifies the revision of the module. 
When read, it returns the module ID and revision level. This 
module returns the code 2xh, where x indicates the revision 
number. 


76 5 43 2 1 


DORDIEEIEE 
PT TT TT JReauired 


Module Revision ID 
Register 
(MRID) 
Bank 3, 
Offset 00h 


Revision ID(RID 3-0) 


Module ID(MID 7-4) 


FIGURE 8-26. MRID Register Bitmap 


Bits 3-0 - Revision ID (MID3-0) 
The value in these bits identifies the revision level. 


Bits 7-4 - Module ID (MID7-4) 
The value in these bits identifies the module type. 


8.8.2 Shadow of Line Control Register (SH_LCR) 


This register returns the value of the LCR register. The LCR 
register is written into when a byte value according to Table 
8-8 on page 203, is written to the LCR/BSR registers loca- 
tion (at offset 03h) from any bank. 


Shadow of 
76 5 4 32 Line Control Register 
roTefofoyolo[oyo Reset eae) 
i Offset 01h 


FIGURE 8-27. SH_LCR Register Bitmap 


See “Line Control Register (LCR)” on page 201 for bit de- 
scriptions. 
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8.8.3. Shadow of FIFO Control Register (SH_FCR) 


This read-only register returns the contents of the FCR reg- 
ister in bank 0. 


Shadow of 

FIFO Conirol Register 
(SH_FCR) 

Bank 3, 

Offset 02h 


7 6 5 4 3 2 0) 


Reserved 
TXFTHO 
TXFHT1 
'— RXFTHO 
'_ RXFTH1 


FIGURE 8-28. SH_LCR Register Bitmap 


See “FIFO Control Register (FCR)” on page 200 for bit de- 
scriptions. 


8.8.4 Line Control Register (LCR) and Bank Select 


Register (BSR) 


These registers are the same as the registers at offset 03h 
in bank 0. 


8.9 UART1 REGISTER BITMAPS 


Read Cycles 


7 6 5 4 3 2 1 =0 Receiver Data 


Register (RXD) 
Bank 0, 
Offset 00h 


Reset 


Required 


Received Data 


Write Cycles 
7 6 5 4 3 2 1 £0 Transmitter Data 


Reset Register (TXD) 
Required 
ee Data 


Bank 0, 
Offset 00h 
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Extended Mode 
7 6 5 4 3 2 1 :=+0 


}o | o/ of 0] 0] 0} o/ o}Reset 
OPO TT TT YT fRequires 


RXHDL_IE 
TXLDL_IE 
LS_IE or TXUR_IE 
MS_IE 
Reserved 
TXEMP_IE 
'_ Reserved 
L_ Reserved 


Interrupt Enable 
Register (IER) 
Bank 0, 

Offset 01h 


Non-Extended Modes, Read Cycles 
7 6 5 4 3 2 1 =0 Event Identification 


[oT oPoToPoToPoTs]pces Resse cin 
PT fotet TET drei 


Offset 02h 
IPF - Interrupt Pending 
IPRO - Interrupt Priority 0 
IPR1 - Interrupt Priority 1 
RXFT - RX_FIFO Time-Out 
Reserved 
Reserved 
— FENO - FIFO Enabled 
— FEN1 - FIFO Enabled 


Extended Mode, Read Cycles 
7 6 5 4 3 2 1 :=0 Event Identification 


PoToToTOPoTOTOT reset Resear 
efor TTT TT Jreauies 


Offset 02h 
RXHDL_EV 


TXLDL_EV 
LS_EV or TXHLT_EV 
MS_EV 
Reserved 
TXEMP-EV 
— Reserved 
— Reserved 


Write Cycles 
7 65 43 210 


folofofo}olojolo 
fet aes), SON hd 
FIFO_EN 


RXSR 
TXSR 
Reserved 
TXFTHO 
TXFTH1 
'— RXFTHO 
'— RXFTH1 


FIFO Control 
Register (FCR) 
Bank 0, 

Offset 02h 


Reset 


Required 
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: Non-Extended Mode 
ReahicricH\ Laie eS a ee Line Status 
alsa [oTi[+[o[oTo[ofolrese: Resists (St) 


Offset 03h Offset 05h 


Bank Selection Labaraals iMSt 
i egister 

Renters) DxxDxDx]o[O]oTo] neon Reser Se 
oftsetosh §6{ «| =| (df | ||| [Required §=— Offset 06h 


Bank Selected 


— BKSE-Bank Selection Enable 


Non-Extended Mode 
Non-Extended Mode 76543210 


Scratch Register 
(SCR) 


Modem Control Reset 
Register (MCR) : Bank 0, 
Bank 0, Required Offset 07h 


Offset 04h 


RILP 
ISEN or DCDLP 
LOOP Scratch Data 


be Reserved 


Extended Mode 


Extended Mode 
7 6 5 4 3 2 10 ety a 
medemcaase) [o[oToTo[oToToTo]Rese Resieter ASca 
onennne: | | | | fo] | | Required Offset 07h 


Reserved 
TX_DFR 


Reserved 
ae 
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Legacy Baud Generator Divisor 

76 5 406302 1 0 Low Byte Register 
(LBGD(L) 
Bank 1, 
Offset 00h 


Reset 


Required 


Least Significant Byte 
of Baud Generator 


begacy Baud Generator Divisor 
High Byte Register 

(LBGD(H)) 
Bank 1, 
Offset O1h 


7 6 5 4 3 2 
Reset 


Required 


Most Significant Byte 
of Baud Generator 


Baud Generator Divisor 
Low Byte Register 
(BGD(L)) 
Bank 2, 
Offset 00h 


7 6 5 4 3 2 1 


EIEIEIEIEIEIEE] 
PL ET TT  fReauirea 


Least Significant Byte 
of Baud Generator 


Baud Generator Divisor 
High Byte Register 
(BGD(H)) 

Bank 2, 

Offset 01h 


765 4 3 2 1 


Most Significant Byte 
of Baud Generator 
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Extended Control and 
Status Register 1 
(EXCR1) 

Bank 2, 

Offset 02h 


eas 


LOOP 
ETDLBK 
'— Reserved 
— BTEST 


Extended Control and 
Status Register 2 
(EXCR2) 

Bank 2, 

Offset 04h 


7 6 5 4 3 2 


Reserved 


PRESLO 
— PRESL1 
— Reserved 
— LOCK 


IrDA or Consumer-IR Modes 


76 5 4 3 2 TX_FIFO 


Current Level 
Register (TXFLV) 


fofofo] | TT Required Bank 2, 


Offset 06h 


Lec Reserved 


IrDA or Consumer-IR Modes 

7 6 5 4 3 2 1 +0 RX_FIFO 
Current Level 
Register (RXFLV) 


(eo |eO-205). - i Wolfe] tad Required Bank 2, 


Offset 07h 
RFLO 


RFL1 
RFL2 
RFL3 
RFL4 


Loa Reserved 
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A a a a Module Revision ID 
fofol+folx]x| xx, Reset EAaEIDI 
a 


Offset 00t 


Laas ID(RID 3-0) 
L a ID(MID 7-4) 
Shadow of 


Line Control Register 
(SH_LCR) 

Bank 3, 

Offset 01h 


Shadow of 
FIFO Conirol Register 
(SH_FCR) 


7-605. 4 3 2-0 
PoToTofeLopofo[ ones eHrcn 
| | | [| fol [| Required Offset 02h 


Reserved 
TXFTHO 
TXFHT1 
“ RXFTHO 
— RXFTH1 
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9.0 General Purpose Input and Output 
(GPIO) Ports (Logical Device 7) and 
Chip Select Output Signals 


The PC87317VUL supports three General Purpose |l/O 
(GPIO) ports. 


The signals associated with these ports are as follows: 
® Port 1: GPIO10 to GPIO17 
® Port 2: GPIO20 to GPIO27 


® Port 3: GPIO30 to GPIO37. 


The PC87317VUL has three programmable chip select sig- 
nals, CSO, CS1 and CS2, which are also described in this 
chapter. 


9.1 GPIO PORT ACTIVATION 


Activation and deactivation (enable/disable) of GPIO Ports 
1 and 2 are controlled by the Activate register (index 30h) of 
logical device 7 and by bit 7 of the Function Enable Register 
2 (FER2) of the Power Management logical device. See 
Section 10.2.4 "Function Enable Register 2 (FER2)" on 
page 219. 


9.2 GPIO CONTROL REGISTERS 


The base address of the GPIO Ports is software config- 
urable. It is controlled by two Base Address registers at in- 
dexes 60 and 61 of logical device 7. See Table 2-19 "GPIO 
Ports Configuration Registers - Logical Device 7" on page 
36. 


The registers that control the GPIO Ports are located in two 
banks. The active bank is selected by the GPIO Bank Select 
bit, bit 7 of Superl/O Configuration 2 register, at index 22h. 


Seven registers control GPIO Port 1, four registers control 
GPIO Port 2 and four control GPIO Port 3. The registers that 
control Port 1 are at offsets 00h through 03h from the base 
address in bank 0 and 00h to 02h in bank 1. The registers 
that control Port 2 are at offsets 04h through 07h from the 
base address in bank 0. Port 3 is controlled by the registers 
in offsets 04h to 07h of bank 1. See TABLES 9-2 "The 
GPIO Registers, Bank 0" on page 216 and 9-3 "The GPIO 
Registers, Bank 1" on page 217. 


For each of the three ports: 
Port Data registers read or write the data I/O bits. 
Port Direction registers control the direction of each bit. 


Port Output Type registers control the buffer type (open- 
drain or push-pull) of each bit. 


The GPIO ports have open-drain output signals with in- 
ternal pull-ups and TTL input signals. Pull-up Control 
registers enable or disable the internal pull-up capability 
of each bit. 


9.2.1 


The output type and pull-up settings for the GPIO17-14 sig- 
nals can be locked by setting bits 7-4 of the Port 1 Lock reg- 
ister in bank 1. See TABLE 9-3 "The GPIO Registers, Bank 
1" on page 217. 


GPIO10 pin is routed to GPIO11 pin, when bit 0 of Port 1 
In2out register is ‘1’ and bit 1 of Port 1 Data register is ‘0’. 
GPIO10 pin’s polarity is configurable via bit 0 of Port 1 Po- 
larity register. If GPIO10 pin is active, GPIO11 pin is ‘1’ or in 
high-impedance (depending on the settings of its output 


Special GPIO Signal Features 
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Select Output Signals 


type and pull-up control). If GPIO10 is inactive, GPIO11 is 
‘0’. Undefined results, when GPIO10 pin is configured as 
output and/or GPIO11 pin is configured as input. 


When configured as an input, GPIO10, GPIO12 and 
GPIO13 can be routed to POR and/or SCI. GPIO10 can 
also be routed to ONCTL. For more details, see the Ad- 
vanced Power Control (APC) section. 


9.2.2 Reading and Writing to GPIO Pins 


Reading an output pin returns the internally latched bit val- 
ue, not the pin value. 


Writing to an input pin has no effect on the pin, except for 
internally latching the written value. The latched value is re- 
flected on the pin when the direction changes to output. 
Upon reset the write latches are initialized to FFh. 


The port pins are back-drive protected when the 
PC87317VUL is powered down and also when the port is in- 
active (disabled). 


9.2.3 Multiplexed GPIO Signals 
See TABLE 9-1 for GPIO signal multiplexing. 
TABLE 9-1. GPIO Multplexed Signals 


GPIO Signal Multiplexed with 


GPIO15 
GPIO16 
PGIO17 
GPIO20 
GPIO021 
GPIO22 
GPIO23 
GP1024 
GP1IO25 
GP1026,27 
GPIO30 
GPIO31 
GPIO32 
GPIO33 
GPIO34 
GPIO35 
GPIO36 
GP1037 


PME2 

PME1 

WDO 

IRSL1 
IRSLO and IRSL2 

POR 

RING 

IRRX1 or XD2 
P16 or XD3 

XDB signals XD4,5 


SIN2 
SOUT2 and BOUT2 
IRRX, IRSLO and IDO 


A GPIO port must not be enabled at the same address as 
another accessible PC87317VUL register. Undefined re- 
sults will occur if a GPIO is configured in this way. 


9.2.4 Multiplexed GPIO Signal Selection 


The signal that will actually use the I/O pin at any given time 
depends on the selection made by the user. 


GPIO15 is selected by bit 1 of the APC Control Register 3 
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(Index 49h, Bank 2, APC registers, Logical Device 2). 


GPIO16 is selected by bit 0 of the APC Control Register 3 
(Index 49h, Bank 2, APC registers, Logical Device 2). 
GPI024 is selected on GPIO24/XD2 by bit 4 of Superl/O 
Configuration 1 register (index 21h in the Card Control Reg- 
isters). Itis selected on GPIO24/IRRX1 by bit 3 of APC Con- 
trol Register 3 (Index 49h, Bank 2, APC registers, Logical 
Device 2). GPIO24 can be selected on both pins at the 
same time: when configured as an output, its value will be 
driven on both pins; when configured as an input, the value 
of GPIO24/IRRX1 will be read and the value on 
GP1024/XD2 will be ignored. 


GPIO25 is selected on GPIO25/XD3 by bit 4 of Superl/O 
Configuration 1 register (in the Card Control Registers). It is 
selected on GPIO25/P16 by bit 0 of Superl/O Configuration 
3 register (in the Card Control Registers). GPIO25 can be 
selected on both pins at the same time: when configured as 
an output, its value will be driven on both pins; when config- 
ured as an input, the value of GPIO25/P16 will be read and 
the value on GPIO25/XD3 will be ignored. 


GPIO30-32 and GPIO34-36 are selected by bit 3 of the Su- 
perl/O Configuration 1 register (index 21h in the Card Con- 
trol Registers). 


GPIO33 is selected by bit 6 of the APC Control Register 5 
(Index 4Bh, Bank 2, APC registers, Logical Device 2). 
GPIO37 is selected by bit 4 of the APC Control Register 3 
(Index 49h, Bank 2, APC registers, Logical Device 2). 


9.3. PROGRAMMABLE CHIP SELECT OUTPUT 
SIGNALS 


The three programmable chip select output signals have 
the following characteristics: 


CSO is an open drain output signal. 
CS1 


S1 and CS2 have push-pull buffers. 
© CSO is in TRI-STATE when no Vpp is applied. 


Activation and deactivation (enabling and disabling) of these 
chip select signals are controlled by the Function Enable 
Register 2 (FER2) of logical device 8 (See Section 10.2.4 
"Function Enable Register 2 (FER2)" on page 219) and the 
configuration registers for CSO, CS1 and CS2 at second lev- 
el indexes 02h, 06h and OAh, respectively.These registers 
are accessed using two index levels. 


The first level index points to the Programmable Chip Select 
Index and Data registers, like other PC87317CS0, CS1 and 
CS2 VUL configuration registers. See Sections 2.4.5 "Pro- 
grammable Chip Select Configuration Index Register" and 
2.4.6 "Programmable Chip Select Configuration Data Reg- 
ister" on page 39. The Programmable Chip Select Configu- 
ration Index and Data registers are at index 23h and 24h 
respectively. 


The second level points to one of the three registers for 
each CS pin. See Section 2.10 "PROGRAMMABLE CHIP 
SELECT CONFIGURATION REGISTERS" on page 42. 
Each CS pin is configured by the three registers assigned 
to it. One specifies the base address MSB. One specifies 
the base address LSB and one configures the CS pin. 


All 16 address bits are decoded, with five mask options to 
ignore (not decode) address bits AO, A1, A2, A3 and A4-11. 
Decoding of only address and AEN pins, without RD or WR 
pins, is also supported. 


ACS signal is asserted when an address match occurs and 
may be qualified by RD or WR signal(s). An address match 
occurs when the AEN signal is inactive (low) and the non- 
masked address pins match the corresponding base ad- 
dress bits. 


TABLE 9-2. The GPIO Registers, Bank 0 


Hard Reset 


GPIO Register Value 


Offset | Type 


Description 


Port 1 Data 00h R/W FFh 


Reads return the bit or pin value, according to the direction bit. 
Writes are saved in this register and affect the output pins. 


Port 1 Direction Oth R/W 00h 


Each bit controls the direction of the corresponding port pin. 
0: Input. Reads of Port Data register return pin value. 
1: Output. Reads of Port Data register return bit value. 


Port 1 Output Type 


Each bit controls the type of the corresponding port pin. 


0: Open-drain. 
1: Push-pull. 


Port 1 Pull-up Control 


Each bit controls the internal pull-up for the corresponding port pin. 
0: No internal pull-up. 
1: Internal pull-up. 


Port 2 Data 


Same as Port 1 Data register. 


Port 2 Direction 


Port 2 Output Type 


Same as Port 1 Direction register. 


Same as Port 1 Output Type register. 


Port 2 Pull-up Control 


Same as Port 1 Pull-up Control register. 
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GPIO Register 


TABLE 9-3. The GPIO Registers, Bank 1 


Hard Reset 
Value 


Description 


Port 1 Lock 
Register 


00h 


Bits 3-0 - Reserved. 
Bits 7-4: 
0: No effect 


1: locks the corresponding bit of the Port 1 Direction, Output Type 
and Pull-up Control Registers. If the corresponding bit of the Port 
1 Direction Register is 1 (output), the contents of the correspond- 
ing bit of the Port 1 Data Register is also locked. 


Once a bit is set to “1” by software, it can only be cleared to “0” by 
a Hard Reset (No Power or Master Reset). 


Port 1 Polarity 


Bit 0: When GPIO is input, it is 
0: Active low 

1: Active high 

Bits 7-1 - Reserved 


Port 1 In2out 


Bit 0: 
0: GPIO10 and GPIO11 are not connected. 


1: GPIO10 is routed to GPIO11, if bit 1 of Port 1 Data Register is 
0 


Bits 7-1 - Reserved 


Reserved 


Port 3 Data 


Same as Port1,2 Data registers 


Port 3 Direction 


Same as Port1,2 Direction registers 


Port 3 Output Type 


Same as Port1,2 Output Type registers 


Port 3 Pullup 
Control 


Same as Port1,2 Pullup Control registers 
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10.0 Power Management 
(Logical Device 8) 


10.1 POWER MANAGEMENT OPTIONS 


The power management logical device provides configura- 
tion options and control of the WATCHDOG feature. 


10.1.1 


Registers in this logical device enable activation of other 
logical devices, and set signal characteristics for certain I/O 
pins. (See Section 10.2 "POWER MANAGEMENT REGIS- 
TERS") 


Configuration Options 


10.1.2 WATCHDOG Feature 


The WATCHDOG feature lets the user implement power 
saving strategies that power down the entire system if it is 
unused for a user-defined period of time. This feature is es- 
pecially attractive for battery-powered systems. 


The WATCHDOG function generates the WDO output sig- 
nal, which the system may use to implement power-down 
activities. 


The WATCHDOG function is activated by setting the 
WATCHDOG Time-Out (WDTO) register to a value from 1 
through 255. This value defines a maximum countdown pe- 
riod, in minutes. The WATCHDOG timer starts with this val- 
ue and counts down to 0 unless a trigger event restarts the 
countdown, or unless reset aborts the countdown before 
completion. 


The WATCHDOG Configuration register (WDCF) specifies 
the trigger events that cause reloading of the WATCHDOG 
time-out value into the timer and restart the countdown. See 
Section 10.2.9 "WATCHDOG Configuration Register (WD- 
CF)" on page 222. 


If the timer reaches zero, it is disabled, the WDO signal be- 
comes active (low) and the host system can use WDO to 
trigger power down.The state of the WDO signal can be 
monitored at any time by reading bit 1 of the WATCHDOG 
Status (WDST) register. 


10.2 POWER MANAGEMENT REGISTERS 


Seventeen power Management register control, activate 
and monitor all activity of the power Management Logical 
device. 


Access to these registers is achieved by the use of two reg- 
isters mapped in the PC87317VUL address space: the 
power management registers are accessed via the Power 
Management Index and Data registers, which are located at 
base address and base address + Oth, respectively. The 
base address is indicated by the Base Address registers at 
indexes 60h and 61th of logical device 8, respectively. See 
TABLE 2-20 "Power Management Configuration Registers 
- Logical Device 8" on page 36. 


TABLE 10-1 
these registers. 


"The Power Management Registers" lists 


TABLE 10-1. The Power Management Registers 


Index Symbol Description Type 


Power Management Index Register | R/W 


Power Management Data Register | R/W 


Function Enable Register 1 R/W 


Function Enable Register 2 


Power Management Control 1 


Power Management Control 2 


Power Management Control 3 
WATCHDOG Time-Out Register 
WATCHDOG Configuration Register 
WATCHDOG Status Register 
PM1 Event Base Address bit 7-0 
PM1 Event Base Address bit 15-8 
PM1 Timer Base Address bit 7-0 
PM1 Timer Base Address bit 15-8 
PM1 Control Base Address bit 7-0 
PM1 Control Base Address bit 15-8 


General Purpose Status Base Ad- 
dress bit 7-0 


General Purpose Status Base Ad- 
dress bit 15-8 
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ACPI Support register 


10.2.1 


This read/write register points to one of the power manage- 
ment registers. Bits 7 through 5 are read only and return 
000 when read. 


It is reset by hardware to 00h. The data in the indicated reg- 
ister is accessed via the Power Management Data register 
at the base address + Oth. 


Power Management Index Register 


7 6 5 4 3 2 | Power Management 


oToToTo[o[o[ oo] Reset Index Register, 
Fe Ee A A Recuied Base Address 


+00h 


Index of a Power 
Management Register 


Read Only 


FIGURE 10-1. Power Management Index Register Bit- 
map 


Power Management (Logical Device 8 


10.2.2 Power Management Data Register 


This read/write register contains the data in the register 
pointed to by the Power Management Index register at the 
base address. 


7 6 5 4 3 2 j Power Management 
Data Register, 
Base Address 


+ 01h 


[oO] 0] 9] [0] oo res 
PE TY feared 


Data in the Indicated Power 
Management Register 


FIGURE 10-2. Power Management Data Register Bit- 
map 


10.2.3 Function Enable Register 1 (FER1) 


This bits of the register enable or disable activity of Logic 
devices within the PC87317 VUL. 


A set bit enables activation of the corresponding logical de- 
vice via its Active register at index 30h. 

A cleared bit disables the corresponding logical device re- 
gardless of the value in its Active register. Bit 0 of the Active 
register of a logical device is ignored when the correspond- 
ing FER1 bit is cleared. 


Hard reset sets this pages register to FFh. 
7 6 5 43 2 j Function Enable 


EA ES RUEDEDERROES Reset Register 1 (FER1), 
| | [| | | ff fl Required Index 00h 


KBC Function Enable 
Reserved 
RTC Function Enable 
FDC Function Enable 
Parallel Port Function Enable 
UART2 and Infrared Function Enable 
— UART1 Function Enable 
— Reserved 


FIGURE 10-3. FER1 Register Bitmap 


Bit 0 - KBC Function Enable 
0: Disabled. 
1: Enabled. (Default) 


Bit 1 - Reserved 


Bit 2 - RTC Function Enable 
0: Disabled. 
1: Enabled. (Default) 


Bit 3 - FDC Function Enable 
0: Disabled. 
1: Enabled. (Default) 
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Bit 4 - Parallel Port Function Enable 
0: Disabled. 
1: Enabled. (Default). 


Bit 5 - UART2 and Infrared Function Enable 
0: Disabled. 
1: Enabled. (Default). 


Bit 6 - UART1 Function Enable 
0: Disabled. 
1: Enabled. (Default). 


Bit 7 - Reserved 


10.2.4 Function Enable Register 2 (FER2) 


This bits of the register enable or disable activity of Logic 
devices within the PC87317 VUL. 


Hard reset sets this read/write register to 87h. 


7 6 5 4 3 2 14 Function Enable 


Ey EERE Reset Register 2 (FER2), 
feces fey ae fa Required Index 01h 


Programmable CSO Enable 
Programmable CS1 Enable 
Programmable CS2 Enable 
PM1 Event Registers Enable 
PM1 Control Registers Enable 
General Purpose Events Registers Enable 
— SMI Command Register Enable 
— GPIO Ports Function Enable 


FIGURE 10-4. FER2 Register Bitmap 


Bit 0 - Programmable CSO Function Enable 
See CSO Configuration 0 register in Section 2.10.3 
"CSO Configuration Register" on page 43. 
0: CSO is disabled.CSO is not asserted; CSO configu- 
ration and base address registers are maintained. 
1: CSO is enabled. (Default) 


Bit 1 - Programmable CS1 Function Enable 

See CS1 Configuration 1 register in Section 2.10.7 

"CS1 Configuration Register" on page 43. 

0: CS1 is disabled.CS1 signal is not asserted, CS1 
configuration and base address registers are main- 
tained. 

1: CS1 is enabled. (Default) 


Bit 2 - Programmable CS2 Function Enable 

See CS2 Configuration 2 register in Section 2.10.11 

"CS2 Configuration Register" on page 44. 

0: CS2 is disabled.The CS2 signal is not asserted, 
CS2 configuration and base address registers are 
maintained. 

: CS2 is enabled. (Default) 
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Bit 3 - PM1 Event Registers Enable 


0: The registers pointed by PM1 Event Base Address 
Bits 7-0 register (10.2.11 on page 223) and PM1 
Event Base Address Bits15-8 register (10.2.12 on 
page 223) are not accessible. Reads and writes 
are ignored. Registers’ values are maintained. (De- 
fault) 


: The registers pointed by PM1 Event Base Address 
Bits 7-0 register and PM1 Event Base Address Bits 
15-8 register are accessible. 


Bit 4 - PM1 Control Registers Enable 


0: The registers pointed by PM1 Control Base Ad- 
dress Bits 7-0 register (10.2.15 on page 224) and 
PM1 Control Base Address Bits 15-8 register 
(10.2.16 on page 224) are not accessible. Reads 
and writes are ignored. Registers’ values are main- 
tained. (Default) 


: The registers pointed by PM1 Control Base Ad- 
dress Bits 7-0 register and PM1 Control Base Ad- 
dress Bits15-8 register are accessible. 


Bit 5 - General Purpose Event Registers Enable 


0: The registers pointed by General Purpose Status 
Base Address Bits 7-0 register (10.2.17 on page 
224) and General Purpose Status Base Address 
Bits 15-8 register (10.2.18 on page 224) are not ac- 
cessible. Reads and writes are ignored. Registers’ 
values are maintained. (Default) 

: The registers pointed by General Purpose Status 
Base Address Bits 7-0 register and General Pur- 
pose Status Base Address Bits15-8 register are ac- 
cessible. 


This bit does not control access to the SMI Command 
register. 


Bit 6 - SMI Command Register Enable 


0: SMI Command register (4.7.11 on page 83) is not 
accessible. Reads and writes are ignored. Register 
values are maintained. (Default) 


1: SMI Command register is accessible. 


Bit 7 - GPIO Ports Function Enable 


0: GPIO Ports 1,2 and 3 are inactive (disabled). 
Reads and writes are ignored; registers and pins 
are maintained. Bit 0 of the Activate register (index 
30h) of the GPIO Ports logical device is ignored. 


1: GPIO Ports 1 and 2 are active (enabled) when bit 0 


of the Activate register (index 30h) of the GPIO 
Ports logical device is set. (Default) 


10.2.5 Power Management Conirol Register (PMC1) 


The bits of this register place the signals of the correspond- 
ing inactive logical device in TRI-STATE (except IRQ and 
DMA pins) when set to “1”, regardless of the value of bit 0 of 
the corresponding logical device register at index FOh. 


A cleared bit has no effect. In this case, the TRI-STATE sta- 
tus of signals is controlled by bit 0 of the corresponding log- 
ical device register at index FOh. 


This is an OR function between PMC1 and the register at in- 
dex FOh of the corresponding logical device. 


Hard reset clears this read/write register to 00h. 
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7 6 5 4 3 2 Power Management 


rool o[o[o[o] oo] Reset Control 1 Register 


(PMC1) 
Index 02h 


KBD/Mouse Tri-state contro 


FDC TRI-STATE Control 
Parallel Port TRI-STATE Control 
UART2 and Infrared TRI-STATE Control 


— UART1 TRI-STATE Control 
L_ Reserved 


FIGURE 10-5. PMC1 Register Bitmap 


Bit 0 - Keyboard and Mouse Tri-state Control 


This bit overrides the Tri-state setting at the Superl/O Con- 
figuration register: When set to 1, the Keyboard and Mouse 
output signals (KBCLK, KBDAT, MCLK and MDAT) are in 
Tri-state. If cleared to 0, their state is set at the Superl/O 
Configuration register. 


0: No effect (Default) 
1: KBCLK, KBDAT, MCLK and MDAT are in Tri-state. 


Bits 2-1 - Reserved 


Bit 3 - FDC TRI-STATE Control 


0: No effect. TRI-STATE controlled by bit 0 of the Su- 
perl/O FDC Configuration register. (Default) 
See Section 2.6.1 "“Superl/O FDC Configuration 
Register" on page 40. 

1: FDC signals are in TRI-STATE. 


Bit 4 - Parallel Port TRI-STATE Control 


0: No effect. TRI-STATE controlled by bit 0 of the Su- 
perl/O Parallel Port Configuration register. (Default) 


See Section 2.7.1 "Superl/O Parallel Port Configu- 
ration Register" on page 41. 


1: Parallel Port signals are in TRI-STATE. 


Bit 5 - UART2 and Infrared TRI-STATE Control 


0: No effect. TRI-STATE controlled by bit 0 of the Su- 
perl/O UART2 Configuration register. (Default) 
See Section 2.8.1 "Superl/O UART2 Configuration 
Register" on page 42. 

1: UART2 signals are in TRI-STATE. 


Bit 6 - UART1 TRI-STATE Control 


0: No effect. TRI-STATE controlled by bit 0 of the Su- 
perl/O UART1 Configuration register. (Default) 


See Section 2.9.1 "Superl/O UART1 Configuration 
Register" on page 42. 


1: UART1 signals are in TRI-STATE. 


Bit 7 - Reserved 
Reserved. 
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10.2.6 Power Management Conirol 2 Register (PMC2) 


This register selects the Superl/O Clock source, enables 
the Clock Multiplier and monitors Multiplier Clock Status. 


76 5 4 3 2 1 


SOOOGOHE 
PE TY feared 


Feito Clock Source 
Clock Multiplier Enable 


Power Management 
Reset Control 2 Register 
(PMC2) 
Index 03h 


Reserved 


— Valid Multiplier Clock Status 


FIGURE 10-6. PMC2 Register Bitmap 


Bits 1,0 - Superl/O Clock Source 
These bits determine the Superl/O clock source. 


The reset value of bit 0 is determined by the CFGO Strap- 
ping (See Section 2). When CFGO0 is 0, the reset value is 1; 
when CFG is 1, this bit’s reset value is 0. 


TABLE 10-2. Superl/O Clock Source selection 


PMC2 
Bits 
10 


Superl/O Clock Source 


00 
01 
10 
11 


The 24 MHz clock is fed via the X1 pin 


Reserved 


The 48 MHz clock is fed via the X1 pin 


The clock source is the on-chip clock multiplier 


Bit 2 - Clock Multiplier Enable 
0: On-chip clock multiplier is disabled. (Default) 
1: On-chip clock multiplier is enabled. 


Bits 6-3 - Reserved 


Bit 7 - Valid Multiplier Clock Status 
This bit is read only. 
0: On-chip clock (clock multiplier output) is frozen. 


1: On-chip clock (clock multiplier output) is stable and 
toggling. 
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10.2.7 Power Management Conirol 3 Register (PMC3) 
This register enables and monitors functions and devices. 
Hard reset initializes this register to OEh. 


7 6 5 4 3 2 j Power Management 


io oo ae Reset Control 3 pitt 
| | {| | fff Required 


Index 04h 
PM Timer Clock Enable 
Parallel Port Clock Enable 
UART2 Clock Enable 
UART1 Clock Enable 


eA nasi 


— UART2 Busy Indicator 
— UART1 busy Indicator 


FIGURE 10-7. PMC3 Register Bitmap 


Bit 0 - Power Management Timer CLock Enable 

0: The clock is disabled. 
The PM Timer registers (see Fixed ACPI registers) 
are not accessible. Reads are ignored. 
The TMR_STS and the TMR_EN bits (in PM1 
Event registers) are read-only bits. Read returns 0. 

: The clock is enabled. 

The PM Timer registers (see Fixed ACPI registers) 
are accessible. 
The TMR_STS and the TMR_EN bits (in PM1 
Event registers) are functional. 


Bit 1 - Parallel Port Clock Enable 

This bit is ANDed with bit 1 of the Superl/O Parallel Port 
Configuration register at index FOh of logical device 4. If 
either bit is cleared to 0, the clock is disabled. Both bits 
must be set to 1 to enable the clock. 

0: The clock is disabled. 

1: If bit 1 of the Superl/O Parallel Port Configuration 

register is set to 1, the clock is enabled. (Default) 


Bit 2 - UART2 Clock Enable 
This bit is ANDed with bit 1 of the Superl/O UART2 Con- 
figuration register at index FOh of logical device 5. If ei- 
ther bit is cleared to 0, the clock is disabled. Both bits 
must be set to 1 to enable the clock. 
0: The clock is disabled. 
1: If bit 1 of the Superl/O UART2 Configuration regis- 

ter is set to 1, the clock is enabled. (Default) 


Bit 3 - UART1 Clock Enable 
This bit is ANDed with bit 1 of the Superl/O UART1 Con- 
figuration register at index FOh of logical device 6. If, ei- 
ther bit is cleared to 0, the clock is disabled. Both bits 
must be set to 1 to enable the clock. 
0: The clock is disabled. 
1: If bit 1 of the Superl/O UART1 Configuration regis- 

ter is set to 1, the clock is enabled. (Default) 
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Bits 5,4 - Reserved 


Bit 6 - UART2 Busy Indicator 
When set to 1, this read-only bit indicates the UART2 is 
busy. It is also accessed via the Superl/O UART2 Con- 
figuration register at index FOh of logical device 5. See 
Section 2.8 "UART2 AND INFRARED CONFIGURA- 
TION REGISTER (LOGICAL DEVICE 5)" on page 42. 


Bit 7 - UART1 Busy Indicator 


When set to 1, this read-only bit indicates the UART1 is 
busy. It is also accessed via the Superl/O UART2 Configu- 
ration register at index FOh of logical device 6. See Section 
2.9.1 "Superl/O UART1 Configuration Register" on page 
42. 


10.2.8 WATCHDOG Time-Out Register (WDTO) 


This read/write register specifies the WATCHDOG time-out 
period programmed by the user. It does not reflect the cur- 
rent count while a countdown is in progress. The time-out 
period may be from 1 to 255 minutes. 

This register is cleared to 00h after reset. This register is 
also reset to zero and disabled when the Power Manage- 
ment device is activated. 

See Section 10.1.2 "WATCHDOG Feature" on page 218 for 
more information. 


WATCHDOG Time-Out 
Register (WDTO) 
Index 05h 


7 6 5 4 3 2 0 


Programmed Time-Out Period 


FIGURE 10-8. WDTO Register Bitmap 


Bits 7-0 - Programmed Time-Out Period 


These bits contain the programmed time-out period for 
the WATCHDOG timer. They do not reflect the current 
count while countdown is in progress. 

Writing the value 00h resets the timer and deactivates 
the WDO signal. Hardware reset clears the register to 
00h, and deactivates the WATCHDOG timer function 
and WDO. Software reset deactivates power manage- 
ment (logical device 8) and resets the WATCHDOG tim- 
er. 

Values between 1 and 255 specify the countdown peri- 
od, with one minute for each decrement. 

When the timer reaches 00h, the WDO signal is enabled 
(active low). 

Writing a non-zero value to these bits resets the WDO 
signal to 1 (inactive high). 
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10.2.9 WATCHDOG Configuration Register (WDCF) 


This register enables or masks the trigger events that re- 
start the WATCHDOG timer. 


When an enabled trigger event occurs, the programmed 
time-out value (the value in the WDTO register) is reloaded 
into the WATCHDOG timer. The WATCHDOG timer can 
reach zero and activate WDO only if no trigger event occurs 
for an entire time-out period. 


Trigger events are not affected by the polarity or type of the 
module interrupt. 

Upon reset and upon activation of the power management 
device, all trigger events are disabled, i.e., bits are cleared 
to zero. 


See Section 10.1.2 "WATCHDOG Feature" on page 218 for 
more information. 


WATCHDOG Configuration 
Register (WDCF) 
Index 06h 


7 6 5 4 3 2 


KBC IRQ Trigger Enable 
Mouse IRQ Trigger Enable 
UART1 IRQ Trigger Enable 
UART2 IRQ Trigger Enable 


Reserved 


FIGURE 10-9. WDCF Register Bitmap 


Bit 0 - KBC IRQ Trigger Enable 


This bit enables the IRQ assigned to the KBC to trigger 
reloading of the WATCHDOG timer. 


Reset clears this bit to 0. 
0: KBC IRQ trigger disabled. (Default) 


1: An active KBC IRQ signal triggers reloading of the 
WATCHDOG timer. 


Bit 1 - Mouse IRQ Trigger Enable 


This bit enables the IRQ assigned to the mouse to trig- 
ger reloading of the WATCHDOG timer. 


Reset clears this bit to 0. 
0: Mouse IRQ trigger disabled. (Default) 


1: An active mouse IRQ signal triggers reloading of 
the WATCHDOG timer. 


Bit 2 - UART1 IRQ Trigger Enable 


This bit enables the IRQ assigned to UART1 to trigger 
reloading of the WATCHDOG timer. 


Reset clears this bit to 0. 
0: UART1 IRQ trigger disabled. (Default) 


1: An active UART1 IRQ signal triggers reloading of 
the WATCHDOG timer. 


Bit 3 - UART2 IRQ Trigger Enable 


This bit enables the IRQ assigned to UART2 to trigger 
reloading of the WATCHDOG timer. 


Reset clears this bit to 0. 


Power Management 


0: UART2 IRQ trigger disabled. (Default) 
1: An active UART2 IRQ signal triggers reloading of 


the WATCHDOG timer. 


Bits 7-4 - Reserved 
Reserved 


10.2.10 WATCHDOG Status Register (WDST) 


Bit 1 of this register contains the value of the WDO signal, 
for monitoring by software. 


On reset or on PM logical device activation this register is 
initialized to 01h. 


See Section 10.1.2 "WATCHDOG Feature" on page 218 for 
more information. 


76 5 43 2 1 WATCHDOG Status 


ICICI! Reset Register (WDST) 
Sateneee Required Index 07h 


Reserved 


FIGURE 10-10. WDST Register Bitmap 


Bit 0 - WDO Value 


This read-only bit reflects the value of WDO. It is initial- 
ized to 1 by a hardware reset. 


This bit reflects the status of the WDO signal, even if 
WDO is not configured for output by bit 6 of Superl/O 
Configuration register 2, in which case the pin is used 
for GPIO17. 


0: WDO is active. 
1: WDO is not active. (Default) 


Bits 7-1 - Reserved 


10.2.11 PM1 Event Base Address Register (Bits 7-0) 


This read/write register holds the base address bits 7-0 of 
the PM1 Event Registers of the ACPI fixed registers (See 
Logical device 2). 


Bits 0,1 are read-only. On reset this register is initialized to 
OOh. 
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PM1 Event Base Address 
Register Bits 7-0, 


Index 08h 


76 5 4°3 2 +1 ~20 


}9 | 0| of [0] 0/0] o|Reset 
PE ET |  JReauirea 


M1 Event Base Address Bits 7-0 


FIGURE 10-11. PM1 Bits 7-0 Register Bitmap 


10.2.12 PM1 Event Base Address Register (Bits 15-8) 


This read/write register holds the base address bits 15-8 of 
the PM1 Event Registers of the ACPI fixed registers (See 
Logical device 2). 


On reset this register is initialized to OOh. 


PM1 Event Base Address 
Register Bits 15-8, 


Index 09h 


765 43 2 120 


}o | o/ of oo] 0] 0} 0| o}Reset 
PE TY fReauirea 


M1 Event Base Address Bits 15-8 


FIGURE 10-12. PM1 Bits 15-8 Register Bitmap 


10.2.13 PM Timer Base Address (Bits 7-0) 


This read/write register holds the base address bits 7-0 of 
the PM Timer Registers of the ACPI fixed registers (See 
Logical device 2). 


Bits 0,1 are read-only. On reset this register is initialized to 
OOh. 


76543210 PM Timer Base Address 


}o} of ojojolfojolo Recete ee 


Index O0OAh 


M Tlmer Base Address Bits 7-0 


FIGURE 10-13. PM Timer Base Address Bits 7-0 
Register Bitmap 
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10.2.14 PM Timer Base Address Register (Bits 15-8) 


This read/write register holds the base address bits 15-8 of 
the PM Timer Registers of the ACPI fixed registers (See 
Logical device 2). 


On reset this register is initialized to OOh. 
PM Timer Base Address 


a Register Bits 15-8, 
Index OBh 


M Timer Base Address Bits 15-8 


FIGURE 10-14. PM Timer Base Address Bits 15-8 Reg- 
ister Bitmap 
10.2.15 PM1 Control Base Address Register (Bits 7-0) 


This read/write register holds the base address bits 7-0 of 
the PM1 Control Registers of the ACPI fixed registers (See 
Logical device 2). 


Bit 0 is read-only. On reset this register is initialized to OOh. 


a Conirol Base Address 
Register Bits 7-0, 
Index 0Ch 


76 5 4 3 2 1 


[oo] 0] 9] [0] oo rest 
CETL rene 


M1 Control Base Address Bits 7-0 


FIGURE 10-15. PM1 Control Base Address Bits 7-0 
Register Bitmap 


10.2.16 PM1 Control Base Address Regisier (Bits 15-8) 


This read/write register holds the base address bits 7-0 of 
the PM1 Event Registers of the ACPI fixed registers (See 
Logical device 2). 


On reset this register is initialized to OOh. 
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PM1 Control Base Address 


a Register Bits 15-8, 
Index ODh 


M1 Control Base Address Bits 15-8 


FIGURE 10-16. PM1 Control Base Address Bits 15-8 
Register Bitmap 


10.2.17 General Purpose Status Base Address Register 
(Bits 7-0) 
This read/write register holds the base address bits 7-0 of 


the General Purpose Status Registers of the ACPI fixed 
registers (See Logical device 2). 


Bits 3-0 are read-only. On reset this register is initialized to 
OOh. 


General pees Status Base Address 
7 6 5 43 2 | 


[oO] 0] 0] 0] 0] O] ofRese 
PE ET TY fReauirea 


Register Bits 7-0, 
Index OEh 


eneral Purpose Status 
Base Address Bits 7-0 


FIGURE 10-17. General Purpose Base Address Bits 7- 
0 Register Bitmap 


10.2.18 General Purpose Status Base Address Register 
(Bits 15-8) 


This read/write register holds the base address bits 7-0 of 
the General Purpose Status Registers of the ACPI fixed 
registers (See Logical device 7). 


On reset this register is initialized to OOh. 
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General fai ae Status Base Address 
7 6 5 43 2 | 


[oo] 0[0[0]0] 0] Rese 
este deals 


, ealster Bits 15-8, 
Index OFh 


eneral Purpose Status 
Base Address Bits 15-8 


FIGURE 10-18. General Purpose Base Address Bits 
15-8 Register Bitmap 


10.2.19 ACPI Support Register 


This register allows the system to enter suspended mode 
via software emulation. It also supports the Global Lock 
mechanism. 


Upon reset, this register is initialized to 00h. 


765 43 2 1 


[oO 70]0] 0] 0] 0] ofrese 
PET ET |  JReauirea 


Sleep Enable Status 
Enable POR on Sleep Enable 
ACPI GLobal Lock Status 
ACPI GLobal Lock Enable 
BIOS Global Lock release 


ACPI Support 
Register 
Index 10h 


Reserved 


FIGURE 10-19. ACPI Support Register Bitmap 


Bit 0 - Sleep Enable Status 
This sticky bit shows the status of the Sleep Enable bit 


It is set to “1” when the Sleep Enable bit (in the 
PM1_CNT_HIGH register in the fixed ACPI registers, 
Logical device 7) is written with a “1”. It is cleared to “0” 
only when software writes a “1” to it. 


Bit 1 - Enable POR on Sleep Enable 


This bit is enables activation of the POR interrupt re- 
quest pin, when the Sleep Enable Status bit goes to 1. 


0: Sleep Enable Status bit is ignored. 
1: Activate POR pin if Sleep Enable Status is “1”. 


Bit 2 - ACPI Global Lock Status 
This sticky bit is set to “1” when a “1” is written to the 
ACPI Global Lock release bit (bit 2 in the ACPI fixed reg- 
ister PM1_CNT_LOW). It is cleared to “0” only when 
software writes a “1” to it. 
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Bit 3 - ACPI Global Lock Enable 
0: ACPI GLobal Lock Status bit is ignored (bit 2 of this 
register). 
1: Activate POR pin if Sleep Enable Status is “1. 


Bit 4 - BIOS Global Lock Release 
When “1” is written to this bit, the GLobal Lock Status bit 
is set to “1” (fixed ACPI register PM1_STS_LOW, bit 5), 
and as SCI interrupt request can be thus asserted. 


Writing a “O” to this bit has no effect on the SCI signal. 
Bit 5 - SMI Command Status 

This is a sticky bit. It is set to '1', when SMI Command 

Register is written (see ACPI Fixed registers). It is 

cleared to '0' only by software writing a one. 

Bit 6 - SMI Command Enable 

0: SMI Command Status bit is ignored (bit 5 of the 
ACPI Support register). 

1: Activate the POR pin, when the SMI Command 
Status bit is '1’. 

Bit 7 - Mask PM1 Event Register Bits 

0: All defined bits of PM1 Event Registers are func- 
tional. 

1: Only RTC_STS, RTC_EN and WAK_STS bits of 
PM1 Event Registers are functional. All other de- 
fined bits are forced to ‘0’ (writes to these ‘other de- 
fined’ bits are ignored). 

This bit does not effect TMR_STS and TMR_EN bits 

which behave according to bit 0 of PMC3 register. 
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10.3 POWER MANAGEMENT REGISTER BITMAPS 


7 6 5 4 3 2 | Power Management 
Index Register, 


Base Address 
+00h 


[oo] 9] oo [0] oo res 
pOfofoy | TY YT fReauires 


Index of a Power 
Management Register 


Read Only 


7 6 5 4 3 2 j Power Management 


mol olor arotol Reset Data Register, 
ee tlede She tee Requiied Base Address 


+ 01h 


Data in the Indicated Power 
Management Register 


7 6 5 4 3 2 1 Function Enable 


EN ENED EN ERED ER EH Reset Register 1 (FER1), 
fee Mee alle ty a Required Index 00h 


KBC Function Enable 
Reserved 
RTC Function Enable 
FDC Function Enable 

Parallel Port Function Enable 
UART2 and Infrared Function Enable 
— UART1 Function Enable 
— Reserved 


7 6 5 4 3 2 1 Function Enable 


ENCIECICHCIENEDED Reset Register 2 (FER2), 
ea aa a Required migex:s 


Programmable CSO Enable 
Programmable CS1 Enable 
Programmable CS2 Enable 
PM1 Event Registers Enable 
PM1 Control Registers Enable 
General Purpose Events Registers Enable 
'_ SMI Command Register Enable 
— GPIO Ports Function Enable 
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Ci aE Power Management 


oToTo]o [oT ooo] Reset Control 1 Register 
PT ET TT TT JRequirea (PMC1) 


Index 02h 


KBD/Mouse Tri-state contro 


A Reseed 


FDC TRI-STATE Control 
Parallel Port TRI-STATE Control 
UART2 and Infrared TRI-STATE Control 


— UART1 TRI-STATE Control 
L_ Reserved 


76 5 4 °3 2 ~ 1 


SOORORRE 
PET ET TY | JReauirea 


Guperl/O Clock Source 
Clock Multiplier Enable 


Power Management 
Reset Control 2 Register 
(PMC2) 
Index 03h 


Reserved 


— Valid Multiplier Clock Status 


76 5 43 2 | Power Management 


HODGEEEIG Reset Control 3 Real 
BR Baarae Required gee ier 


PM Timer Clock Enable 
Parallel Port Clock Enable 
UART2 Clock Enable 
UART1 Clock Enable 


soe Reserved 


— UART2 Busy Indicator 
— UART1 busy Indicator 


WATCHDOG Time-Out 
(WDTO) Register 
Index 05h 


765 43 2120 


}9 | 0| of [0] 0/0] o|Reset 
PE TE TT  JReauirea 


Programmed Time-Out Period 


WATCHDOG Configuration 
Q (WDCF) Register, 
Index 06h 


Mouse IRQ 
UART 1 IRQ 
UART 2 IRQ 


WATCHDOG Status 


[oO] 0] 00] 0] O]* |rese 
PE TE |  JReauirea 


Register, 
Index 07h 


Reserved 


2 10 PM1 Event Base Address 


follow lola Reset evister Bits 7-0, 
CEELELEL frees tsxoen 


eo 


tae Event Base Address Bits7-0 


2 10 PM1 Event Base Address 


ofoloforrolorel eet Register Bits 15-8, 
trees neo 


ae 


La Event Base Address Bits 15-8 
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2 10 PM Timer Base Address 


ieee tone olor Reset register Bits 7-0, 


Index O0Ah 
i Timer Base Address Bits 7-0 


2 10 PM Timer Base Address 


mielorare corto Reset Pevister Bits 15-8, 
PE EE Required ingexOBn 


o 


a Timer Base Address Bits 15-8 


i Conirol Base Address 


roralololonorolal Reset Fesister Bits 7-0, 
Reese Required Index 0Ch 


‘ail 


La Control Base Address Bits 7-0 


ao Control Base Address 


CT ET Reset Pevister Bits 15-8, 
eae le alice eet Required mngexopN 


a 


we Control Base Address Bits 15-8 
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General aie Status Base Address 
7 6 5 4 3 2 | 


aiakolale no oral Rese Register Bits 7-0, 
Pelle lie sNessTeT 5 ila Required Index OEh 


eneral Purpose Status 
Base Address Bits 7-0 


General pees Status Base Address 
7 6 5 43 2 {| 


apotorele corral Res o; Register Bits 15-8, 
bested falls eal ALE Required menor 


eneral Purpose Status 
Base Address Bits 15-8 


7 6 5 432 | ACPI Support 


BOSOGOn ee 
eAlelinit aledecte Ng Required 


Sleep Enable Status 
Enable POR on Sleep Enable 
ACPI GLobal Lock Status 
ACPI GLobal Lock Enable 
BIOS Global Lock release 


Reserved 
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X-Bus Data Buffer 


11.0 X-Bus Data Buffer 


The X-Bus Data Buffer (XDB) connects the 8-bit X data bus 
to the system data bus via the PC87307VUL data bus. The 
XDB is selected by bit 4 of Super/O Chip Configuration 1 reg- 
ister (index 21h), as described in Section 2.4.3 "Superl/O 
Configuration 1 Register (SIOC1)" on page 37. This bit is ini- 
tialized according to the CFG1 strap pin value. 


When XDB is not selected, these pins have alternate func- 
tions. See the XDB pin multiplexing Table 1-2 on page 25. 


When XDCS is inactive, XD7-0 are not driven or gated to D7-0. 
When XDCS is active XD7-0 are linked to D7-0 as follows: 


® D7-0 values are driven onto XD7-0 pins when XDRD 
is inactive. 


® XD7-0 values are driven onto D7-0 pins when XDRD 
is active. 
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The Internal Clock 


12.0 The Internal Clock 


12.1 THE CLOCK SOURCE 


The source of the internal clock of the PC87317VUL can be 
24 MHz or 48 MHz clock signals via the X1 pin, or an inter- 
nal on-chip clock multiplier fed by the 32.768 KHz crystal of 
the Real-Time Clock (RTC). The clock source is determined 
by bits 1,0 of the Power Management Control 2 (PMC2) reg- 
ister of logical device 8. See Section 10.2.6 "Power Man- 
agement Control 2 Register (PMC2)" on page 221. Bit 0 is 
determined by the CFGO strap pin. Toggling of the 32.768 
KHz clock cannot be stopped while Voc is active. When 
the 32.768 KHz oscillator is not running, the internal circuit 
is blocked. 


12.2 THE INTERNAL ON-CHIP CLOCK MULTIPLIER 


Two events can trigger the internal on-chip clock multiplier. 
One is power-on while Vpp is active. The other is changing 
the multiplier enable bit (bit 2 of the PMC2 register of logical 
device 8) from 0 to 1. See Section10.2.6 "Power Manage- 
ment Control 2 Register (PMC2)" on page 221. This bit can 
also disable the clock multiplier and its output clock. 


Once enabled, the output clock of the clock multiplier is fro- 
zen until the clock multiplier can provide an output clock that 
meets all requirements; then it starts. When the power is 
turned on, the PC87317VUL wakes up with the internal on- 
chip clock multiplier disabled. 


The 32.768 KHz and output clocks of the internal on-chip 
clock multiplier operate regardless of the status of the Mas- 
ter Reset (MR) signal. They can operate while MR is active. 


The multiplier must have a 32.768 KHz input clock operat- 
ing. Otherwise, the multiplier waits until this input clock 
starts operating. 


Bit 7 of the PMC2 register of logical device 8 is the Valid 
Multiplier Clock status bit. When the 32.768 KHz clock tog- 
gles before MR becomes active, this bit is usually set to 1 
before power-up reset ends (while MR is high, if MR is high 
for a few msec). 


While it is stabilizing, the output clock is frozen and the sta- 
tus bit is cleared to 0 to indicate a frozen clock. When the 
clock multiplier becomes stable, the output clock starts tog- 
gling and the status bit is set to 1. A longer time is required 
to set the Valid Multiplier Clock status bit if the multiplier 
waits for a stable 32.768 KHz clock. 


The Valid Multiplier Clock status bit indicates when the 
clock is operating. Software should poll this bit and activate 
(enable) the KBC, FDC, UART1, the UART2 and infrared in- 
terface (IR), and the Parallel Port according to its value. 


The multiplier and its output clock do not use power when 
they are disabled. 


12.3 SPECIFICATIONS 


© Wake-up time (from the time the 32.768 KHz clock is op- 
erating and on-chip clock multiplier is enabled) is a max- 
imum of 1.5 msec. 


Tolerance (long term deviation) of the multiplier output 
clock, above the 32.768 KHz tolerance, is + 110 ppm. 


Total tolerance is therefore + (32.768 KHz clock toler- 
ance + 110 ppm). 


® Cycle by cycle variance is a maximum of 0.1 nsec. 


© Power consumption is a maximum of 5 mA. 
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12.4 POWER-ON PROCEDURE WHEN CFGO = 0 


For proper operation, follow the procedure below after pow- 

er-on: 

1. If on-chip clock multiplier is used: Go to step 2. 
If 24 MHz or 48 Mhz clock on X1 pin is used: Set bits 0 
and 1 of PMC2 register of logical device 8 to the desired 
clock source. Go to step 4. 

. Set bit 2 of PMC2 register of logical device 8 to 1. The 
on-chip clock multiplier is enabled and starts stabilizing. 
Steps 1 and 2 can be unified, if both are required. 

3. Poll bit 7 of PMC2 register of logical device 8. Wait until 
itis set to 1. When set to 1, go to step 4. 


4. Enable any module of the PC87317. 


Interrupt and DMA Mapping 


13.0 Interrupt and DMA Mapping 


The standard Plug and Play configuration registers map 
IRQs and DMA channels for the PC87317VUL. See TA- 
BLES 2-8 "Plug and Play (PnP) Interrupt Configuration 
Registers" on page 32 and 2-9 "Plug and Play (PnP) DMA 
Configuration Registers" on page 32. 


13.1 IRQ MAPPING 


The PC87317VUL allows connection of some logical devic- 
es to the 13 IRQ signals. 

The polarity of an IRQ signal is controlled by bit 1 of the In- 
terrupt Type registers (index 71h) of each logical device. 
The same bit also controls selection of push-pull or open- 
drain IRQ output. High polarity implies push-pull output. 
Low polarity implies open-drain output with strong pull-up 
for a short time, followed by weak pull-up. 

The IRQ input signals of the KBC or mouse, and of the par- 
allel port are not affected by this bit, i.e., bit 1 at index 71h 
of each logical device. This bit affects only the output buffer, 
not the input buffer. 

Only the UART1 and UART2 may map more than one logi- 
cal device to any IRQ signal. Other devices may not do so. 


An IRQ signal is in TRI-STATE when any of the following 
conditions is true: 


® No logical device is mapped to the IRQ signal. 
® The logical device mapped to the IRQ signal is inactive. 


® The logical device mapped to the IRQ signal floats its 
IRQ signal. 
13.2 DMA MAPPING 


Although the PC87317VUL allows some logical devices to 
be connected to the four 8-bit DMA channels, it is illegal to 
map two logical devices to the same pair of DMA signals. 


A DRQ signal is in TRI-STATE and the DACK input signal 
is blocked to 1 when any of the following conditions is true: 


® No logical device is mapped to the DMA channel. 
© The logical device mapped to the DMA channel is inactive. 


© The logical device mapped to the DMA channel floats its 
DRQ signal. 
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Device Specifications 


14.0 Device Specifications 
14.1 GENERAL DC ELECTRICAL CHARACTERISTICS 
14.1.1 Recommended Operating Conditions 


TABLE 14-1. Recommended Operating Conditions 


Symbol Parameter i Typ | Max 


Vop, Vocu |Supply Voltage : 5.0 5.5 


Veat |Battery Backup Supply Voltage ; 3.0 3.7 


Ta Operating Temperature 


14.1.2 Absolute Maximum Ratings 


Absolute maximum ratings are values beyond which damage to the device may occur. Unless otherwise specified, all volt- 
ages are relative to ground. 


TABLE 14-2. Absolute Maximum Ratings 


Symbol Parameter Conditions 


Vpp_ __|Supply Voltage 


Vv; Input Voltage 


Vo‘ |Output Voltage 


Storage Temperature 


Pp  |Power Dissipation 


T Lead Temperature 
L Soldering (10 sec.) 


C5, 5 = 100 pF 
ESD Tolerance Se -15kKo1 1500 
ZAP ~ °° 


1. Value based on test complying with RAI-5-048-RA human body model ESD testing. 


14.1.3 Capacitance 
TABLE 14-3. Capacitance: T,= 25°C, f = 1 MHz 


Symbol Parameter Min 


Cin | Input Pin Capacitance 


Cin1 | Clock Input Capacitance 


Cig_=—«| I/O Pin Capacitance 


Co {Output Pin Capacitance 
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14.1.4 Power Consumption Under Recommended Operating Conditions 


TABLE 14-4. Power Consumption 


Symbol Parameter Conditions 


Vit = 0.5 V 
Vin = 2.4 V 
No Load 


Vpp Average Main Supply 


| 
CC |Current ' 


Vi = V. 
Vpp Quiescent Main Supply Le ee 


Current in Low Power Mode Vin = Voo 


No Load 


IccsB 


Vocu RTC/APC (Logical 
lccH |Device 2) Help Supply Vocu = 5 V +10% mA 
Current 


Ipar |Vpat Battery Supply Current Veat = 3 V 2 LA 


1. Do not permit Vocy to ramp down at a rate exceeding 1 V/msec. Exceeding this rate may 
reset the Valid RAM and Time (VRT) bit (bit 7) of the RTC Control Register D (CRD) at offset 
ODh of logical device 2. 


14.2 DC CHARACTERISTICS OF PINS, BY GROUP 

The following tables list the DC characteristics of all device pins described in Section 1.2. The pin list preceeding each table 
lists the device pins to which the table applies. 

14.2.1. Group 1 

Pin List: 


A15-0, AEN, CTS2,1, DACK3-0, DCD2,1, DSKCHG, DSR2,1, ID3-0, INDEX, MR, RD, RDATA, SIN2,1, TC, TRKO, WP, 
WR, XDRD 


TABLE 14-5. DC Characteristics of Group 1 Pins 


Parameter Conditions Min 


Input High Voltage 


Input Low Voltage 


Input Leakage Current 


Input Hysteresis 


1. Not tested. Guaranteed by design. 
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14.2.2 Group 2 
Pin List: 
BUSY, PE, SLCT, WAIT 


Output from SLCT, PE and BUSY is open-drain in all SPP modes, except in SPP Compatible mode when the setup mode 
is ECP-based FIFO and bit 4 of the Control2 parallel port register is 1. (See TABLE 6-1 "Parallel Port Mode Selection" on 
page 138.) Otherwise, output from these signals is level 2. External 4.7 KQ pull-up resistors should be used. 


PE is in Group 2 only if bit 2 of PP ConfgO Register is “O” (see Section 6.5.19 "PP ConfgO Register" on page 153). 
All group 2 pins are back-drive protected. 


TABLE 14-6. DC Characteristics of Group 2 Pins 


Symbol Parameter Conditions Min 


Vin Input High Voltage 2.0 


Vit {Input Low Voltage -0.5 | 


lie Input Leakage Current 


1. Not tested. Guaranteed by design. 


14.2.3 Group 3 
Pin List: 
ACK, ERR, PE 


Output from ACK, ERR and PE is open-drain in all SPP modes, except in SPP Compatible mode when the setup mode is 
ECP-based FIFO and bit 4 of the Control2 parallel port register is 1. (See TABLE 6-1 "Parallel Port Mode Selection" on page 
138.) Otherwise, output from these signals is level 2. 


External 4.7 KQ pull-up resistors should be used. 
PE is in Group 3 only if bit 2 of PP ConfgO Register is “1” (see Section 6.5.19 "PP ConfgO Register" on page 153). 
All group 3 pins are back-drive protected. 


TABLE 14-7. DC Characteristics of Group 3 Pins 


Symbol Parameter Conditions Min 


Vin Input High Voltage 2.0 


Vii {Input Low Voltage -0.5 1 


lie Input Leakage Current 


1. Not tested. Guaranteed by design. 
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Pin List: 
MSEN1,0, SELCS 


SELCS is a CMOS input pin. 


Device Specifications 


TABLE 14-8. DC Characteristics of Group 4 Pins 


Symbol 


Parameter 


Conditions 


Min 


Vin 


Input High Voltage 


2.0 


ViL 


Input Low Voltage 


-0.5 1 


Ne 


Input Leakage Current 


During Reset: Vin = Vpp 


Vin = Vss 


1. Not tested. Guaranteed by design. 


14.2.5 Group 5 
Pin List: 
BADDR1,0, CFG1-0 


These are CMOS input pins. 


TABLE 14-9. DC Characteristics of Group 5 Pins 


Parameter 


Conditions 


Min 


Input High Voltage 


2.5 


Input Low Voltage 


-0.5 1 


1. Not tested. Guaranteed by design. 


14.2.6 Group 6 
Pin List: 
x1 


Input Leakage Current 


During Reset: Vin = Vpp 


Vin = Vss 


TABLE 14-10. DC Characteristics of Group 6 Pins 


Parameter 


Conditions 


Min 


ViH 


Input High Voltage 


2.0 


Vit 


Input Low Voltage 


-0.5 | 


IXLKG 


X1 Leakage Current 


1. Not tested. Guaranteed by design. 
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14.2.7 Group 7 
Pin List: 


Rl, RI2, RING, SWITCH, XDCS 
RING and XDCS are back-drive protected. 


TABLE 14-11. DC Characteristics of Group 7 Pins 


Device Specifications 


Symbol 


Parameter 


Conditions 


Min 


Input High Voltage ' 


2.0 


Input Low Voltage ' 


~0.5 | 


Hysteresis 


Input Leakage Current 


1. Not tested. Guaranteed by design. 
2. SWITCH has an internal pull-up resistor of 1MQ. 


14.2.8 Group 8 
Pin List: 
D7-0 


TABLE 14-12. DC Characteristics of Group 8 Input Pins 


Symbol 


Parameter 


Min 


Unit 


Input High Voltage 


2.0 


Vv 


Input Low Voltage 


~0.5 1 


Vv 


Hysteresis 


mV 


1. Not tested. Guaranteed by design. 


TABLE 14-13. DC Characteristics of Group 8 Output Pins 


Parameter 


Conditions 


Min 


Output High Voltage 
Output Low Voltage 


lou =-15 mA 


2.4 
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14.2.9 Group 9 
Pin List: 
CS2,1, CSOUT-NSC-Test,XD7,6, XD1,0 
TABLE 14-14. DC Characteristics of Group 9 Input Pins 


Symbol Parameter Conditions Min 


Input High Voltage d 2.0 


Input Low Voltage ' ~0.5 | 


Hysteresis 


Input Leakage Current 


1. Not tested. Guaranteed by design. 
2. For XD7,6 - |), (Max) = -150 LA. 


TABLE 14-15. DC Characteristics of Group 9 Output Pins 


Parameter Conditions Min 


Output High Voltage lon = —6 mA 2.4 


Output Low Voltage lo. = 12 mA 


14.2.10 Group 10 
Pin List: 

GPIO37-30,27-26, 24-20,17-15,13,10, XD5-2, WDO 
All GPIO pins are back-drive protected. 


TABLE 14-16. DC Characteristics of Group 10 Input Pins 


Parameter Conditions Min 


Input High Voltage 


Input Low Voltage 


Hysteresis 


Input Leakage Current 


1. Not tested. Guaranteed by design. 
2. For GPIO pins the |, (Max) = —550 LA. 


TABLE 14-17. DC Characteristics of Group 10 Output Pins 


Parameter Conditions Min 


Output High Voltage lon =-2 mA! 


Output Low Voltage lop = 2 mA 0.4 


1. IQy is valid for a GPIO signal only when it is not configured as open-drain. 
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14.2.11 Group 11 
Pin List: 
KBCLK, KBDAT, MCLK, MDAT 
Output from these signals is open-drain and cannot be forced high. 


TABLE 14-18. DC Characteristics of Group 11 Input Pins 


Symbol Parameter Min Unit 


Input High Voltage 2.0 Vv 


Input Low Voltage -~0.5 1 . Vv 


Hysteresis mV 


1. Not tested. Guaranteed by design. 


TABLE 14-19. DC Characteristics of Group 11 Output Pins 


Parameter Conditions Min 


VoL |Output Low Voltage lo. = 16 mA 


14.2.12 Group 12 
Pin List: 
CSO (on pin 106), P12, P16, P17, P20, P21. 


TABLE 14-20. DC Characteristics of Group 12 Input Pins 


Symbol Parameter Min Unit 


Input High Voltage 2.0 Vv 


Input Low Voltage -~0.5 1 : Vv 


Hysteresis mV 


1. Not tested. Guaranteed by design. 


TABLE 14-21. DC Characteristics of Group 12 Output Pins 


Parameter Conditions Min 


Output High Voltage lon =-2 mA! 2.4 


Output Low Voltage loo = 2 mA 0.4 


1. loy is driven for a period of 3 KBC clock periods (of 8MHz, 12MHz or 16MHz) after the 
low-to-high transition, on pins P12, P16 and P17. CSO, P20 and P21 are open-drain 
output pins. 
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14.2.13 Group 13 
Pin List: 

AFD, ASTRB, INIT, SLIN, STB. 
Group 13 pins are back-drive protected. 


TABLE 14-22. DC Characteristics of Group 13 Input Pins 


Symbol Parameter Min Unit 


Input High Voltage 2.0 Vv 


Input Low Voltage -~0.5 1 : Vv 


Hysteresis mV 


1. Not tested. Guaranteed by design. 


TABLE 14-23. DC Characteristics of Group 13 Output Pins 


Parameter Conditions Min 


Von {Output High Voltage * log = -14 mA 24 


VoL  |Output Low Voltage lo. = 14 mA 0.4 


1. Output from STB, AFD, INIT, SLIN is open-drain in all SPP modes, except in SPP 
Compatible mode when the setup mode is ECP-based (FIFO). (See TABLE 6-1 "Par- 
allel Port Mode Selection" on page 138.) Otherwise, output from these signals is Level 
2. External 4.7 KQ pull-up resistors should be used. 


14.2.14 Group 14 
Pin List: 
PD7-0 
Group 14 pins are back-drive protected. 


TABLE 14-24. DC Characteristics of Group 14 Input Pins 


Symbol Parameter Min Unit 


Input High Voltage 2.0 Vv 


Input Low Voltage -~0.5 1 : Vv 


Hysteresis mV 


1. Not tested. Guaranteed by design. 


TABLE 14-25. DC Characteristics of Group 14 Output Pins 


Parameter Conditions Min 


Output High Voltage ' lon = -14 mA 


Output Low Voltage lo. = 14mA 


1. Output from PD7-0 is open-drain in all SPP modes, except in SPP Compatible mode 
when the setup mode is ECP-based (FIFO) and bit 4 of the Control2 parallel port reg- 
ister is 1. (See TABLE 6-1 "Parallel Port Mode Selection" on page 138.) Otherwise, 
output from these signals is Level 2. External 4.7 KQ pull-up resistors should be used. 
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14.2.15 Group 15 
Pin List: 
IRQ1,3,4,5,6,7,8,9,10,11,12,14,15. 
TABLE 14-26. DC Characteristics of Group 15 Output Pins 


Symbol Parameter Conditions Min 


Output High Voltage lon = -15 mA 2.4 


Output Low Voltage lo. = 24 mA 


Hysteresis 


14.2.16 Group 16 
Pin List: 
DENSEL, DIR, DR1,0, HDSEL, MTR1,0, STEP, WDATA, WGATE. 


TABLE 14-27. DC Characteristics of Group 16 Output Pins 


Symbol Parameter Conditions Min 


Vou  |Output High Voltage lon = -4 mA 2.4 


Vo.  |Output Low Voltage’ lo. = 40 mA 


1. Not 100% tested. Guaranteed by characterization. 


14.2.17 Group 17 
Pin List: 
BOUT2,1, DTR2,1, IRSL2-0, RTS2,1, SOUT2,1. 
TABLE 14-28. DC Characteristics of Group 17 Output Pins 


Symbol Parameter Conditions Min Max 


Output High Voltage lon = —6 mA 2.4 


Output Low Voltage lop = 12 mA 


Hysteresis 


14.2.18 Group 18 
Pin List: 
DRQ3-0 
TABLE 14-29. DC Characteristics of Group 18 Output Pins 


Parameter Conditions Min 


Output High Voltage lon = -15 mA 2.4 


Output Low Voltage lo. = 24 mA 


www.national.com 240 


Device Specifications 


14.2.19 Group 19 
Pin List: 
IRTX 


TABLE 14-30. DC Characteristics of Group 19 Output Pins 


Parameter Conditions Min 


Vou  |Output High Voltage lon = —6mA 2.4 


VoL.  |Output Low Voltage lo. = 12 mA 


14.2.20 Group 20 
Pin List: 
DRATEO 
TABLE 14-31. DC Characteristics of Group 20 Output Pins 


Parameter Conditions Min 


Output High Voltage 


Output Low Voltage 


14.2.21 Group 21 
Pin List: 

CSO (on pin 68), CSOUT, POR 
POR is back-drive protected. 


TABLE 14-32. DC Characteristics of Group 21 Output Pins 


Symbol Parameter Conditions Min 


Vou  |Output High Voltage Open-Drain 


VoL. |Output Low Voltage lo. =2mA 


14.2.22 Group 22 
Pin List: 
IOCHRDY, ZWS 
TABLE 14-33. DC Characteristics of Group 22 Output Pins 


Parameter Conditions Min 


Output High Voltage 


Output Low Voltage 


14.2.23 Group 23 
Pin List: 
ONCTL, WRITE 
This pin is back-drive protected and open-drain. Voy is not tested for ONCTL. 


TABLE 14-34. DC Characteristics of Group 23 Output Pins 


Symbol Parameter Conditions Min 


VoL |Output Low Voltage lol = 14 mA 
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14.2.24 Group 24 
Pin List: 
GPIO11 
This pin is back-drive protected. 


TABLE 14-35. DC Characteristics of Group 24 Input Pins 


Parameter Conditions Min 


Input High Voltage 2.0 


Input Low Voltage 0.5 | 


Hysteresis 


Input Leakage Current 


1. Not tested. Guaranteed by design. 


TABLE 14-36. DC Characteristics of Group 24 Output Pins 


Parameter Conditions Min 


Output High Voltage lon =-2 mA! 2.4 


Output Low Voltage lo. = 14 mA 0.4 


1. Iqy is valid for a GPIO signal only when it is not configured as open-drain. 


14.2.25 Group 25 
Pin List: 
GP1025,14. 
These pins are back-drive protected. 


TABLE 14-37. DC Characteristics of Group 25 Input Pins 


Symbol Parameter Conditions Min 


Input High Voltage 2.0 


Input Low Voltage 05. 


Hysteresis 


Input Leakage Current 


1. Not tested. Guaranteed by design. 


TABLE 14-38. DC Characteristics of Group 25 Output Pins 


Parameter Conditions Min 


Output High Voltage lon =-2 mA! 24 


Output Low Voltage lop = 4 mA 0.4 


1. Igy is valid for a GPIO signal only when it is not configured as open-drain. 
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14.2.26 Group 26 
Pin List: 
LED 


TABLE 14-39. DC Characteristics of Group 26 Output Pins 


Parameter Conditions Min 


Vou  |Output High Voltage Open-Drain 


VoL  |Output Low Voltage lo. = 16 mA 


14.2.27 Group 27 
Pin List: 
IRRX2,1. 
All pins are back-drive protected. 


TABLE 14-40. DC Characteristics of Group 27 Pins 


Symbol Parameter Conditions Min 


Input High Voltage 2.0 


Input Low Voltage 0.5 | 


Input Leakage Current 


Input Hysteresis 


1. Not tested. Guaranteed by design. 


14.2.28 Group 28 
Pin List: 
PME2,1 
All pins are back-drive protected. 


TABLE 14-41. DC Characteristics of Group 28 Input Pins 


Symbol Parameter Min Max Unit 


Input High Voltage 2.0 |Vocn'| V 


Input Low Voltage 0.51] 08 Vv 


Hysteresis 


1. Not tested. Guaranteed by design. 
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14.3 AC ELECTRICAL CHARACTERISTICS 
14.3.1 AC Test Conditions T, = 0 °C to 70 °C, Vpp = 5.0 V 410% 


Load Circuit (Notes 1, 2, 3) AC Testing Input, Output Waveform 


2.0 2.0 
i i a 
ae Test Points SAG: 


Device 
Under 
Test 


FIGURE 14-1. AC Test Conditions, T, = 0 °C to 70 °C, Vpp = 5.0 V +10% 


Notes: 
1. C, = 100 pF, includes jig and scope capacitance. 


2. S4 = Open for push-pull output pins. 
$1 = Vpp for high impedance to active low and active low to high impedance measurements. 
S$; = GND for high impedance to active high and active high to high impedance measurements. 
R, = 1.0KQ for uP interface pins. 


3. For the FDC open-drive interface pins, S; = Vpp and R, = 150. 
14.3.2 Clock Timing 
TABLE 14-42. Clock TimingFor the 14.31818MHz clock, required tolerance is 200 ppm (max). 


24MHz 48MHz 


Symbol Parameter 
Min Max Min Max 


tou Clock High Pulse Width 1 16 8.4 


toL Clock Low Pulse Width 1 16 8.4 


tcp Clock Period ' 2 40 43 20 
Internal Clock Period (See TABLE 14-43.) 
Data Rate Period (See TABLE 14-43.) 


1. Not tested. Guaranteed by design. 
2. For the 14.31818MHz clock, required tolerance is 200 ppm (max). 
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TABLE 14-43. Nominal tice torp Values 


MFM Data Rate torp ticp Value 


1 Mbps 1000 3 X top 125 


500 Kbps 2000 3 X tcp 125 


300 Kbps 3333 5 X top 208 


250 Kbps 4000 6 X tcp 250 


FIGURE 14-2. Clock Timing 


14.3.3 Microprocessor Interface Timing 


TABLE 14-44. Microprocessor Interface Timing 


Symbol Parameter Min Max 


tar Valid Address to Read Active 18 


Valid Address to Write Active 18 
Data Hold 0 


Data Setup 18 


Read to Floating Data Bus : 13 


Port Setup 10 


Address Hold from Inactive Read 0 


Read Cycle Update ' 45 
Read Strobe Width 60 


Read Data Hold 10 


Read Strobe to Clear FDC IRQ 


Active Read to Valid Data 


Address Hold from Inactive Write 


Write Cycle Update ! 
Write Strobe to Clear FDC IRQ 


Write Data to Port Update 


Write Strobe Width 


Read Cycle = tan + tap + tracu : 


Write Cycle = taw + twa + two 1 


twrr RD low after WR high ' 


1. Not tested. Guaranteed by design. 
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D7-0 


PME2,1 
PD7-0, ERR, 

PE, SLCT, ACK, 

BUSY, GPIO17-1 
GP1027-20, GPIO37-30 


FDC IRQ 


FIGURE 14-3. Microprocessor Read Timing 


FIGURE 14-4. Microprocessor Write Timing 
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FIGURE 14-5. Read After Write Operation to All Registers and RAM 


14.3.4 Baud Output Timing 


TABLE 14-45. Baud Output Timing 


Symbol 


Parameter Conditions 


N 


Baud Divisor 


tgHD 


Baud Output Positive Edge Delay ' CLK = 24 MHz/2, 100 pF load 


tBLD 


Baud Output Negative Edge Delay ! CLK = 24 MHz/2, 100 pF load 


1. Not tested. Guaranteed by design. 


BAUD OUT 
(+1) 


BAUD OUT 
(+2) 


BAUD OUT 
(+8) 


BAUD OUT 
(=N, N> 3) 


tgLD =| ~— 


ly i a 


—~| |= tBHp 


—| |= tBLp 


—| |= tBHp 


—~| |~-tgtp —»| |< teHp 


—=| |= 'BLD —») |—— ‘BHD 


ee ed eee 


FIGURE 14-6. Baud Output Timing 
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14.3.5 Transmitter Timing 


TABLE 14-46. Transmitter Timing 


Symbol Parameter Min Unit 


tur Delay from WR (WR THR) to Reset IRQ nsec 


tip Delay from RD (RD IIR) to Reset IRQ (THRE) nsec 


tirs Delay from Initial IRQ Reset to Transmit Start ' Baud Output Cycles 


tg} Delay from Initial Write to IRQ ! Baud Output Cycles 


tst Delay from Start Bit to IRQ (THRE) ' Baud Output Cycles 


1. Not tested. Guaranteed by design. 


eet START/ DATA (5-8) STOP (1-2)\START 
—_ Ae 


(SOUT) tins 


Interrupt 


1. See write cycle timing in FIGURE 14-4 "Microprocessor Write Timing" on page 246. 
2. See read cycle timing in FIGURE 14-3 "Microprocessor Read Timing" on page 246. 


FIGURE 14-7. Transmitter Timing 
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14.3.6 Receiver Timing 


TABLE 14-47. Receiver Timing 


Parameter i Unit 


Delay from Active Edge of RD to Reset IRQ nsec 


Delay from Active Edge of RD to Reset IRQ nsec 


Delay from Active Edge of RD to Reset IRQ nsec 


Delay from Inactive Edge of RD (RD LSR) to Reset IRQ nsec 


Delay from RCLK to Sample Time! nsec 


Delay from Stop bit to Set Interrupt 2 Baud Output Cycles 


1. This is internal timing and is therefore not tested. 
2. Not tested. Guaranteed by design. 


8 CLKS 


1 
DATA (5-8) - STOP 


\ 


Sample Clock | | | | | | | | | | 


RDR 
Interrupt 


LSI 
Interrupt 


RD 


(RDRBR) ACTIVE 


RD ACTIVE 
(RD LSR) 


FIGURE 14-8. Receiver Timing 
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\ 
| (_) 
Sample Clock | | | | | | | | | | Sebows 
Trigger 


Trigger Level) 
Level FIFO 
Interrupt Below 
Level 
LSI 


Interrupt tain 


Active 


Note: 
If SCRO = 1, then tgiy7 = 3 RCLKs. For a time-out interrupt, tsjy7 = 8 RCLKs. 


FIGURE 14-9. FIFO Mode Receiver Timing 


SIN 


Sample Clock (FIFO at 
or above 
Trigger 

Time-Out or ee Level) 

Trigger Level 

Interrupt FIFO 

<> elow 
Trigger 


Level) 
LSI Interrupt 


tsINT 


Active 


Active Active 


Previous Byte 
Read From FIFO 


If SCRO = 1, then tgjy7 = 3 RCLKs. For a time-out interrupt, tsin7 = 8 RCLKs 


FIGURE 14-10. Time-Out Receiver Timing 
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14.3.7 UART, Sharp-IR, SIR and Consumer Remote Control Timing 
TABLE 14-48. UART, Sharp-IR, SIR and Consumer Remote Control Timing 


Parameter Conditions 


Transmitter 


Single Bit Time in UART and Sharp-IR 
Receiver 


Modulation Signal Pulse Width in Transmitter 
Sharp-IR and Consumer Remote 
Control Receiver 


Modulation Signal Period in Sharp-IR Tanshaitier 


and Consumer Remote Control Fiasear tein 4 feiss 4 


Transmitter, 


3 1 
Variable P16) X tgtn — 15 1) ("/4¢) X tgtn + 15 


SIR Signal Pulse Width Transmitter, 1.48 1.78 
Fixed 


Receiver 


SIR Data Rate Tolerance. Transmitter + 0.87% 
% of Nominal Data Rate. 


Receiver + 2.0% 


SIR Leading Edge Jitter. Transmitter + 2.5% 
% of Nominal Bit Duration. 


Receiver 


. tgtn is the nominal bit time in UART, Sharp-IR, SIR and Consumer Remote Control modes. It is deter- 
mined by the setting of the Baud Generator Divisor registers. 

. town is the nominal pulse width of the modulation signal for Sharp-IR and Consumer Remote Control 
modes. It is determined by the MCPW field (bits 7-5) of the IRTXMC register at bank 7, offset 01h, and 
the TXHSC bit (bit 2) of the RCCFG register at bank 7, offset 02h. 

. tcpnx is the nominal period of the modulation signal for Sharp-IR and Consumer Remote Control modes. It 
is determined by the MCFR field (bits 4-0) of the IRTXMC register at offset 01h and the TXHSC bit (bit 2) 
of the RCCFG register at offset 02h. 

- tumin 2nd tymax define the time range within which the period of the incoming subcarrier signal has to fall 
in order for the signal to be accepted by the receiver. These time values are determined by the content of 
register IRRXDC at bank 7, offset OOh and the setting of the RXHSC bit (bit 5) of the RCCFG register at 
bank 7, offset 02h. 


cmp 


Sharp-IR 
Consumer Remote Control | | | | | | | | | | | 


FIGURE 14-11. UART, Sharp-IR, SIR and Consumer Remote Conirol Timing 
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14.3.8 IRSLn Write Timing 
TABLE 14-49. IRSLn Write Timing 


Parameter 


IRSLn Output Delay from Write Inactive 


FIGURE 14-12. IRSLn Write Timing 


14.3.9 Modem Control Timing 
TABLE 14-50. Modem Control Timing 


Symbol Parameter 


tu Rl2,1 High to Low Transition 


tly RI2,1 Low to High Transition 


Delay from WR (WR MCR) to Output 
Delay to Reset IRQ from RD (RD MSR) 


Delay to Set IRQ from Modem Input 


INTERRUPT 


RD 
(RD MSR) 
Note 2 


RI 
Notes: 
1. See write cycle timing, FIGURE 14-4 "Microprocessor Write Timing" on page 246. 
2. See read cycle timing, FIGURE 14-3 "Microprocessor Read Timing" on page 246. 


FIGURE 14-13. Modem Control Timing 
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14.3.10 DMA Timing 
TABLE 14-51. FDC DMA Timing 


Parameter 


DACK Inactive Pulse Width 


DACK Active Pulse Width 


DACK Active Edge to DRQ Inactive 


DRQ to DACK Active Edge 


DRQ Period (Except Non-Burst DMA) 


DRQ Inactive Non-Burst Pulse Width 400 2 


DRQ to RD, WR Active 


DRQ to End of RD, WR (DRQ Service Time) (8 X torp) — (16 x tycp) 14 


DRQ to TC Active (DRQ Service Time) (8 X tprp) — (16 x tiop) 14 


RD, WR Active Edge to DRQ Inactive + 65 


TC Active Edge to DRQ Inactive 75 


TC Active Pulse Width 


1. tprp and ticp are defined in TABLE 14-43 "Nominal tICP, tDRP Values" on page 245. 

2. Only in case of pending DRQ. 

3. Values shown are with the FIFO disabled, or with FIFO enabled and THRESH = 0. For nonzero values 
of THRESH, add (THRESH x 8 x tprp) to the values shown. 

4. The active edge of RD or WR and TC is recognized only when DACK is active. 


FIGURE 14-14. FDC DMA Timing 
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TABLE 14-52. ECP DMA Timing 


Symbol Parameter Min 


tkip DACK Inactive Pulse Width 25 


ee DACK Active Pulse Width 65 


tkap DACK Active Edge to DRQ Inactive | 2 65 + (6 x 32 x top) 


taKp DRQ to DACK Active Edge 
tapp DRQ Period 


taap DRQ Inactive Non-Burst Pulse Width 


tarp DRQ to RD, WR Active 


trap RD, WR Active Edge to DRQ Inactive * 


trap TC Active Edge to DRQ Inactive 


ttt TC Active Pulse Width 50 


1. One DMA transaction takes six clock cycles. 

2. tcp is defined in TABLE 14-42 "Clock TimingFor the 14.31818MHz clock, required tolerance is 200 ppm 
(max)." on page 244. 

3. Only in case of pending DRQ. 

4. The active edge of RD or WR and TC is recognized only when DACK is active. 


FIGURE 14-15. ECP DMA Timing 
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TABLE 14-53. UART2 DMA Timing 


Parameter 


AEN Hold from RD, WR Inactive 


AEN Signal Setup 


DACK Hold from RD, WR Inactive 
DACK Signal Setup 
RD, WR Pulse Width 


DRQ Inactive from RD, WR Active 


TC Hold from RD, WR Inactive 


TC Signal Setup 


FIGURE 14-16. UART2 DMA Timing 
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14.3.11 Reset Timing 
TABLE 14-54. Reset Timing 


Symbol Parameter 


taw Reset Width ' 


tsrc Reset to Control Inactive 2 


1. The software reset pulse width is 100 nsec. 
2. Not tested. Guaranteed by design. 


WGATE (Note 


Note: 
In PC-AT mode, the DRQ and IRQ signals of the FDC are in TRI-STATE after time tgpc. 


FIGURE 14-17. Reset Timing 
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14.3.12 Write Data Timing 


Symbol 


Device Specifications 


TABLE 14-55. Write Data Timing 


Parameter Min 


tHDH 


HDSEL Hold from WGATE Inactive! 750 


tubs 


HDSEL Setup to WGATE Active® 100 


twow 


Write Data Pulse Width 


See TABLE 14-56 


1. Not tested. Guaranteed by design. 


TABLE 14-56. Write Data Timing — Minimum typw Values 


Data Rate 


tprP twow twow Value 


Unit 


1 Mbps 


1000 2 x ticp | 250 


nsec 


500 Kbps 


2000 2 x ticp | 250 


nsec 


300 Kbps 


3333 2 x ticp | 375 


nsec 


250 Kbps 


4000 2 x ticp | 500 


nsec 


1. ticp is the internal clock period defined in TABLE 14-43 "Nominal tICP, tDRP 
Values" on page 245. 


FIGURE 14-18. Write Data Timing 
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14.3.13 Drive Control Timing 
TABLE 14-57. Drive Control Timing 


Symbol Parameter 


torv DRT1,0 and MTR1,0 from End of WR 


tpst DIR Setup to STEP Active ' 


tiw Index Pulse Width 


tstp DIR Hold from STEP Inactive 


tstp STEP Active High Pulse Width 


tsTR STEP Rate Time (See TABLE 5-26.) 


1. Not tested. Guaranteed by design. 


FIGURE 14-19. Drive Control Timing 


14.3.14 Read Data Timing 
TABLE 14-58. Read Data Timing 


Parameter Symbol Min 


Read Data Pulse Width trow 50 


taow 


FIGURE 14-20. Read Data Timing 
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14.3.15 Parallel Port Timing 


Device Specifications 


TABLE 14-59. Standard Parallel Port Timing 


Symbol 


Parameter 


Conditions 


tPDH 


tpps 


Port Data Hold 


Port Data Setup 


These times are system dependent and are 
therefore not tested. 


These times are system dependent and are 


therefore not tested. 


tPiLa 


Port Active Low Interrupt, Active 


tPiLia 


Port Active Low Interrupt, Inactive 


tPiHa 


Port Active High Interrupt, Active 


tPiHia 


Port Active High Interrupt, Inactive 


tpiz 


Port Active High Interrupt, TRISTATE 


tsw 


Strobe Width 


These times are system dependent and are 
therefore not tested. 


FIGURE 14-21. Parallel Port Interrupt Timing (Compatible Mode) 


FIGURE 14-22. Parallel Port Interrupt Timing (Extended Mode) 


FIGURE 14-23. Typical Parallel Port Data Exchange 
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14.3.16 Enhanced Parallel Port 1.7 Timing 


TABLE 14-60. Enhanced Parallel Port 1.7 Timing Parameters 


Symbol 


Parameter 


Min 


Unit 


twwi7 


WRITE Active or Inactive from WR Active or Inactive 


nsec 


twsT17 


DSTRB or ASTRB Active or Inactive from WR or RD Active or Inactive’ 


nsec 


twesT17 


DSTRB or ASTRB Active after WRITE Becomes Active 


nsec 


twPD17h 


PD7-0 Hold after WRITE Becomes Inactive 


nsec 


tuRw17 


IOCHRDY Active or Inactive after WAIT Becomes Active or Inactive 


nsec 


twPeDs17 


PD7-0 Valid after WRITE Becomes Active? 


nsec 


teppwi7 


tePD17h 


PD7-0 Valid Width 
PD7-0 Hold after DSTRB or ASTRB Becomes Inactive 


nsec 


nsec 


tzwsi7a 


ZWS Valid after WR or RD Active 


nsec 


tzws17h 


ZWS Hold after WR or RD Inactive 


0 


nsec 


1. The PC87307VUL design guarantees that WRITE will not change from low to high before DSTRB, 
or ASTRB, goes from low to high. 
2. D7-0 is stable 15 nsec before WR becomes active. 
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FIGURE 14-24. Enhanced Parallel Port 1.7 Timing 
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14.3.17 Enhanced Parallel Port 1.9 Timing 
TABLE 14-61. Enhanced Parallel Port 1.9 Timing Parameters 


Symbol Parameter Min Unit 


twwii9a__|WRITE Active from WR Active or WAIT Low ! nsec 


twwigia WRITE Inactive from WAIT Low nsec 


twsTiga DSTRB or ASTRB Active from WR or RD Active or WAIT Low! 2 nsec 
twstigia |DSTRB or ASTRB Inactive from WR or RD High nsec 
twestig |DSTRB or ASTRB Active after WRITE Active nsec 


twepigh |PD7-0 Hold after WRITE Inactive nsec 


turwig IOCHRDY Active after WR or RD Active or Inactive after WAIT High nsec 


twepsi9 PD7-0 Valid after WRITE Active 3 nsec 
teppwig |PD7-0 Valid Width nsec 
tepp19h PD7-0 Hold after DSTRB or ASTRB Inactive nsec 
tzwsi9a_ |ZWS Valid after WR or RD Active nsec 


tzwsion |ZWS Hold after WR or RD Inactive 0 nsec 


1. When WAIT is low, twsti9q and twwigq are measured after WR or RD becomes active; else 
twsti9aq and twwig9q are measured after WAIT becomes low. 

2. The PC87307VUL design guarantees that WRITE will not change from low to high before 
DSTRB, or ASTRB, goes from low to high. 

3. D7-0 is stable 15 nsec before WR becomes active. 


tzwst9h _, 


t 
twWeries WST19a | = 


twst19i 
{Note a} {Note a} ia 


—=_ 


twppigh twsti9a tepDioh 
—= —-_ —=_ a —= 
a) (Zr 


ed —=leppwig—e 
a ae iii LL 


tHRwie_, ; 


tHRWi9—=| | <-— 


FIGURE 14-25. Enhanced Parallel Port 1.9 Timing 
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14.3.18 Extended Capabilities Port (ECP) Timing 
TABLE 14-62. Extended Capabilities Port (ECP) Timing — Forward 


Parameter 


Data Setup before STB Active 


Data Hold after BUSY Inactive 


BUSY Setup after Strobe Active 


STB Inactive after BUSY Active 


BUSY Setup after STB Active 


Strobe Active after BUSY Inactive 


tECDHF —e 


FIGURE 14-26. ECP Parallel Port Forward Timing Diagram 
TABLE 14-63. Extended Capabilities Port (ECP) Timing — Backward 


Symbol Parameter 


tecpsB Data Setup before ACK Active 


teEcDHB Data Hold after AFD Active 


tECLHB BUSY Setup after ACK Active 


tECHHB Strobe Inactive after AFD Inactive 


tECHLB BUSY Setup after ACK Active 


tECLLB Strobe Active after AFD Active 


FIGURE 14-27. ECP Parallel Port Backward Timing Diagram 


www.national.com 262 


Device Specifications 


14.3.19 GPIO Write Timing 
TABLE 14-64. GPIO Write Timing 


Symbol Parameter 


tweo Write Data to GPIO Update 


1. Refer to Section 14.3.3 "Microprocessor Interface Timing" on page 245 for read 
timing. 


GPIO17-10 
GP1027-20 


Previous State 


-— twoco—_. 


FIGURE 14-28. GPIO Write Timing Diagram 
14.3.20 RTC Timing 
TABLE 14-65. RTC Timing 


Symbol Parameter 


taw TOR to IRQ TRI-STATE ' 


trcl MR to IRQ TRI-STATE ! 
tRoL MR High Time 


tvmR Vpp (4.5V) to MR ! 


1. Not tested. Guaranteed by design. 


trw 
—=—_—_ 


FIGURE 14-29. IRQ Release Delay 


Vpp 
tvmR 
MR 


FIGURE 14-30. Master Reset (MR) Timing 
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14.3.21 APC Timing 
TABLE 14-66. SWITCH Trigger and ONCTL Timing 


Symbol Parameter 


tswp SWITCH Pulse Width' 


tswe Delay from SWITCH Events to ONCTL, and from SWITCH Off Event to POR’ 
tporw POR Pulse Width (Edge Mode) 


tPRL Delay from APCR1 Write to POR Inactive (Level Mode)' 


1. Not tested. Guaranteed by design. 


——tswp —_ 


FIGURE 14-31. SWITCH Trigger and ONCTL Timing 


TABLE 14-67. PME and ONCTL/POR/SCI Timing 


Parameter 


Power Management Event to ONCTL/POR(Level)/SCI asserted 


Power Management Event to POR(Edge) asserted 


Power 
Management 
Event (PME) 


Power Management Event = GPIO10, GPIO12, GPIO13, IRRX1, IRRX2, P12, PME1, PME2 Events. 
Rl1,2 Events for ONCTL and SWITCH Off Event for POR only 


FIGURE 14-32. PME and ONCTL/POR/SCI Timing 
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TABLE 14-68. RI Trigger and ONCTL Timing 


Parameter 


Min 


Delay from RI2,1 to ONCTL 


RI width 


FIGURE 14-33. RI Trigger and ONCTL Timing 


TABLE 14-69. RING Trigger and ONCTL Timing 


Symbol 


Parameter 


Min 


tReo 


Delay from RING Pulse to ONCTL 


tRTo 


Delay from RING Pulse Train to ONCTL : 


tRINW 


RING Width (High and Low Time), Single Pulse Mode 


RING Width (High and Low Time), Pulse Train Mode 


1. Not tested. Guaranteed by design. 


_ RINW, 
[tan] | | 


VoH 


L. 


J— tRPO 
_ 


FIGURE 14-34. RING Trigger and ONCTL Timing 
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TABLE 14-70. Vpp and ONCTL Timing 


Parameter 


Vpp off to ONCTL deasserted (When bit 4 of APCR7 register is 0) 


@ Vpp = 4.0 V 


Vpp Off to ONCTL deasserted (When bit 4 of APCR7 register is 0) 


@ Vpp =0.5 V 


ONCTL High time (When bit 4 of APCR7 register is 0) 


| 


FIGURE 14-35. Vpp and ONCTL Timing 


TABLE 14-71. SMI_CMD/PM1_CNT_LOW/PM1_CNT_HIGH register’s write to POR Timing 


Symbol 


Parameter 


Min 


Max 


twrRP 


write to POR asserted 


Delay from SMI_CMD/PM1_CNT_LOW/PM1_CNT_HIGH register’s 


50 


FIGURE 14-36. SMI_CMD/PM1_CNT_LOW/PM1_CNT_HIGH Register Write to POR Timing 
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14.3.22 Chip Select Timing 
TABLE 14-72. Chip Select Timing 


Parameter 


Delay from Command to Enable Chip Select 


Delay from Command to Disable Chip Select 


A15-1, AEN 
WR, RD 


CS1,0 


FIGURE 14-37. Chip Select Timing 


14.3.23 LED Timing 
TABLE 14-73. LED Timing 


Symbol Parameter 


twRe Write-strobe to valid LED 


Cycle time: 1 sec +/- 0.1 sec, 40% -60% duty cycle 
WR (APCR4 


register, 
Bank 2 of 
RTC and APC) 


HI-Z 
VoL 


FIGURE 14-38. LED Timing 
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Glossary 


11-bit address mode 


In this mode, the PC87308VUL decodes address 

lines AO-A10, A11-A15 are masked to 1, and 

UART2 is a fully featured 16550 UART. The mode 

is configured during reset, via CFGO strap pin. 
16-bit address mode 


In this mode, the PC87308VUL decodes address 
lines AO-A15 and UART2 is a 16550 UART with 
SIN2/SOUT2 interface signals only. The mode is 
configured during reset, via CFGO strap pin. 


ABGDH and ABGDL 


Alternate Baud rate Generator Divisor register 
(High and Low bytes) for the UART2. (Logical de- 
vice 5, bank 2, offsets 01h and OOh, respectively.) 


ACPI 
Advanced Configuration and Power Interface. 
ADDR 


Address Register of the parallel port in EPP 
modes. (Logical device 4, offset 03h.) 


AFIFO 


Address FIFO for the parallel port in Extended Ca- 
pabilities Port (ECP) mode 011. (Logical device 4, 
offset 000h.) 


APC 
Advanced Power Control. 


APCR1 and APCR2 


APC control registers 1 and 2. (Logical device 2, 
offsets 40h and 41h, respectively.) 


APSR 


Advanced Power Control (APC) status register. 
(Logical device 2, offset 42h.) 


ASCR 
Auxiliary Status and Control Register for the 
UART2 in Extended operation modes. (Logical de- 
vice 5, bank 0, offset 07h.) 

ASK-IR 
Amplitude Shift Keying Infrared. 

BGD(H) and BGD(L) 
Baud rate Generator Divisor buffer (High and Low 


bytes) for the UART2. (Logical devices 5, bank 1, 
offsets 01h and OOh, respectively.) 


Bank Selection Register for the UART2, when en- 
abled, i.e., when bit 7 of this register is 1. (Logical 
device 5, all banks, offset 03h.) 


Configuration Control Register of the Floppy Disk 
Controller (FDC) for write operations. (Logical de- 
vice 3, offset 07h.) 
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Parallel port data FIFO in Extended Capabilities 
Port (ECP) mode 010. (Logical device 4, offset 
400h.) 


CNFGA and CNFGB 
Configuration registers A and B for the parallel port 
in Extended Capabilities Port (ECP) mode 111. 
(Logical device 4, offsets 400h and 40th, respec- 
tively.) 

ConfgO 
See PP Confg0. 

Consumer Remote Control Mode 


This UART mode supports all four protocols cur- 

rently used in remote-controlled home entertain- 

ment equipment. Also called TV-Remote mode. 
Control0, Control2 and Control4 


Internal configuration registers of the parallel port 
in Extended Capabilities Port (ECP) modes. (Logi- 
cal device 4, second level offsets 00h, 02h and 
04h.) 


Card Select Number register - an 8-bit register with 
a unique value that identifies an ISA card. 


CRA, CRB, CRC, CRD 


Control Registers of the Real-Time Clock (RTC). 
(Logical device 2, offsets OAh, OBh, OCh and ODh, 
respectively. ) 


Control Register of the parallel port in SPP modes. 
(Logical device 4, offset 02h.) 


DASK-IR 
Digital Amplitude Shift Keying Infrared. 
Data 


The Data register contains the data in the register 
indicated by the corresponding Index register. 


DATAO, DATA1, DATA2 and DATA3 


Data Registers of the parallel port in EPP modes. 
(Logical device 4, offsets 04h, 05h, 06h and 07h, 
respectively.) 


DATAR 


Data Register for the parallel port in Extended Ca- 
pability Port (ECP) modes 000 and 001. (Logical 
device 4, offset 000h.) 


DCR 


Data Control Register for the parallel port in Ex- 
tended Capabilities Port (ECP) modes. (Logical de- 
vice 4, offset 002h.) 


Device 


Any circuit that performs a specific function, such 
as a parallel port. 


DFIFO 


ECP Data FIFO in Extended Capabilities Port 
(ECP) mode 011. (Logical device 4, offset 400h.) 


DID 


Device ID register for the UART2. (Logical device 5, 
bank 3, offset 00h.) 


Digital Input Register of the Floppy Disk Controller 
(FDC) for read operations. (Logical device 3, offset 
O7h.) 


Digital Output Register of the Floppy Disk Control- 
ler (FDC). (Logical device 3, offset 2h.) 


Data rate Select Register of the Floppy Disk Con- 
troller (FDC) for write operations (logical device 3, 
offset 4h) and the Data Status Register in Extend- 
ed Capabilities Port (ECP) modes (logical device 4, 
offset 001h). 


Data Register of the parallel port in SPP or EPP 
modes. (Logical device 4, offset 00h.) 


Extended Auxiliary Register of the parallel port in 
Extended Capabilities Port (ECP) modes. (Logical 
device 4, offset 405h.) 


Extended Capabilities Port. 


Extended Control Register for the parallel port in 
Extended Capabilities Port (ECP) modes. (Logical 
device 4, offset 402h.) 


Extended Data Register for the parallel port in ex- 
tended Capabilities Port (ECP) modes. (Logical de- 
vice 4, offset 404h.). 


Two expressions: 


. Extended Index Register of the parallel port Ex- 
tended Capabilities Port (ECP) modes (logical de- 
vice 4, offset 403h). 


. Event Identification Register for UART1 (logical de- 
vice 6, offset 01h, divisor latch registers not acces- 
sible, bit 7 of LCR = 0) and for the UART2 for read 
cycles (logical device 5, bank 0, offset 02h). 

Extended UART Operation Mode 


This UART operation mode supports standard 
16450 and 16550A UART operations plus addition- 
al interrupts and DMA features. It does not include 
infrared or Consumer Remote Control modes. 

EPP 
Enhanced Parallel Port. 

EXCR1 and EXCR2 


Extended Control Registers 1 and 2 for the UART2. 
(Logical device 5, bank 2, offsets 02h and 04h, re- 
spectively.) 


The FIFO Control Register for UART1 (logical de- 
vice 6, offset 02h) and for the UART2 for write cy- 
cles (logical device 5, bank 0, offset 02h). 

FDC 
Floppy Disk Controller. 

FDD 
Floppy Disk Drive. 
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FER1 and FER2 


Function Enable Registers of the Power Manage- 
ment device (Logical device 8, offsets 00h and 01h, 
respectively.). 


Data register (FIFO queue) of the Floppy Disk Con- 
troller (FDC). (Logical device 3, offset 05h.) 


General Purpose I/O - I/O pins available for general 
use. 


The Interrupt Enable Register for UART1 (logical 
device 6, offset Oth, divisor latch registers not ac- 
cessible, bit 7 of LCR = 0) and for the UART2 (logi- 
cal device 5, bank 0, offset 01h). 


The Interrupt Identification Register for UART1. 
(Logical device 6, offset 02h.) 


The Index register is a pointer that is used to ad- 
dress other registers. 


IR 
InfraRed. 
IRCFG1, IRCFG3 and IRCFG4 


Infrared module Configuration registers for the 
UART2. (Logical device 5, bank 7, offsets 04h, 06h 
and 07h, respectively.) 


IRCR1, IRCR2 and IRCR3 


Infrared Module Control Registers 1, 2 and 3 for 
the UART2. (Logical device 5. IRCR1 is in bank 4, 
offset 02h; IRCR2 is in bank 5, offset 04h; IRCR3 is 
in bank 6, offset 00h.) 


IrDA 
Infrared Data Association. 
IrDA-2 mode 


In this mode, the PC87308VUL provides the Infra- 
red Data Association standard compliant interface. 


IRQ 
Interrupt Request. 
IRRXDC 


Infrared Receiver Demodulator Control register for 
the UART2. (Logical device 5, bank 7, offset 00h.) 


IRTXMC 


Infrared Transmitter Modulator Control register for 
the UART2. (Logical device 5, bank 7, offset 01h.) 


ISA 


Industry Standard Architecture for the PC bus. 


LCR 


Line Control Register for UART1 (logical device 6, 
offset 03h) and for the UART2 when enabled, i.e., 
when bit 7 of this register is 0 (logical device 5, all 
banks, offset 03h). 


Legacy 


Usually refers to older devices or systems that are 
not Plug and Play compatible. 


Legacy Mode 


In this mode, the interrupts and the base addresses 
of the FDC, UARTs, KBC, RTC and the parallel 
port of the PC87308VUL are configured as in earli- 
er Superl/O chips. 


The Linear Feedback Shift Register. In Plug and 
Play mode, this register is used to prepare the chip 
for operation in Plug and Play (PnP) mode. 


Least Significant Byte or Bit. 


Line Status Register for UART1 (logical device 6, 
offset 05h) and for the UART2 in Non-Extended 
modes only (logical device 5, bank 0, offset 05h). 


Modem Control Register for UART1 (logical device 
6, offset 04h) and for the UART2 (logical device 5, 
bank 0, offset 04h). 


Most Significant Byte or Bit. 


Two expressions: 


. Main Status Register of the Floppy Disk Controller 
(FDC) (logical device 3, offset 4h). 


Modem Status Register for UART1 for read opera- 

tions (logical device 6, offset O6h) and for the 

UART2 (logical device 5, bank 0, offset 06h). 
Non-Extended UART Operation Modes 


These UART operation modes support only UART 
operations that are standard for 15450 or 16550A 
devices. 


NVM 
Non-volatile memory. 

P_BGDH and P_BGDL 
Pipeline Baud rate Generator Divisor buffer (High 
and Low bytes) for UARTs. (Logical devices 5 and 
6, bank 5, offsets 01h and OOh, respectively.) 

PIO 
Programmable Input/Output. 

P_MDR 
Pipeline Mode Register for UARTs. (Logical devic- 
es 5 and 6, bank 5, offset 02h.) 

Plug and Play 
A design philosophy and a set of specifications that 
describe hardware and software changes to the PC 
and its peripherals that automatically identify and 
arbitrate resource requirements among all devices 
and buses on the system. Plug and Play is some- 
times abbreviated as PnP. 

PM 
Power Management. 

PME 
Power Management Event. 

PMC1, PMC2 and PMC3 


Power Management Control registers of logical de- 
vice 8 at offsets 02h, 03h and 04h, respectively. 
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Sometimes used to indicate Plug and Play. 
PnP Mode 


In this mode, the interrupts, the DMA channels and 
the base address of the FDC, UARTs, KBC, RTC, 
GPIO, APC and the Parallel Port of the 
PC87308VUL are fully Plug and Play. 


PP Confg0O 


Internal configuration register of the Parallel Port in 
Extended Capabilities Port (ECP) modes. (Logical 
device 4, second level offset 05h.) 


Precompensation 


Also called write precompensation, is a way of pre- 
conditioning the WDATA output signal to adjust for 
the effects of bit shift on the data as it is written to 
the disk surface. 


Receiver Buffer Register for UART1, read opera- 
tions only (logical device 6, offset 00h, divisor latch 
registers not accessible, bit 7 of LCR = 0). 


RCCFG 


Consumer Remote Control Configuration register 
for the UART2. (Logical device 5, bank 7, offset 
02h.) 


Run Length Count byte for parallel ports. 
Run Length Expander for parallel ports. 


RAM Lock Register for Advanced Power Control 
(APC). (Logical device 2, offset 47h.) 


RSR 

Internal Receiver Shift Register for UART1. 
RTC 

Real-Time Clock. 
RXDR 


Receiver Data Register for read cycles for the 
UART2. (Logical device 5, bank 0, offset 00h.) 


RXFLV 


Reception FIFO Level for the UART2. (Logical de- 
vice 5, bank 2, offset 07h.) 


SCI 
System Control Interrupt. 
SCR 


Scratch Register for UART1 (logical device 6, offset 
07h) and for the UART2 in UART operation mode 
(logical device 5, bank 0, offset 07h). 


SH_FCR 


Shadow of the FIFO Control Register (FCR) for the 
UART2 for read operations. (Logical device 5, bank 
3, offset 02h.) 


SH_LCR 


Shadow of the Line Control Register (LCR) for the 
UART2 for read operations. (Logical device 5, bank 
3, offset 01h.) 


Sharp IR 
Sharp Infrared. 
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Sharp IR Mode 


In this mode, the PC87308VUL supports a Sharp 
Infrared interface. 


Superl/O, sometimes used to refer to a chip that 
has Superl/O capabilities, e.g., the PC87317VUL 
chip. 

SIR 
Serial Infrared. 

SIR_PW 


SIR Pulse Width control for the UART2. (Logical 
device 5, bank 6, offset 02h.) 


The Standard Parallel Port configuration of the Par- 
allel Port device (Logical device 4) supports the 
Compatible SPP mode and the Extended PP 
mode. 

SRA and SRB 
Status Registers A and B of the Floppy Disk Con- 
troller (FDC). (Logical device 3, offsets Oh and 1h, 
respectively. ) 

STO, ST1, ST2 and ST3 


Status registers 0, 1, 2 and 3 of the Floppy Disk 
Controller (FDC). 


Status Register of the parallel port in SPP modes. 
(Logical device 4, offset 01h.) 


Tape Drive Register of the Floppy Disk Controller 
(FDC). (Logical device 3, offset 03h.) 


Transmitter Holding Register for UART1 write oper- 
ations only. (Logical device 6, offset OOh, divisor 
latch registers not accessible, bit 7 of LCR = 0.) 


TFIFO 


Test FIFO for the parallel port in Extended Capabili- 
ties Port (ECP) mode 110. (Logical device 4, offset 
400h.) 


TSR 

Internal Transmitter Shift Register for UART1. 
TV-Remote Mode 

See Consumer Remote Control mode. 
TXDR 


Transmitter Data Register for write cycles for the 
UART2. (Logical device 5, bank 0, offset 00h.) 


TXFLV 
Transmission FIFO Level for the UART2. (Logical 
devices 5, bank 2, offset 06h.) 

UART 


Universal Asynchronous Receiver Transmitter. The 
PC87308VUL supports two UARTs, UART1 and 
UART2. They are identical in UART modes; the 
UART2 includes infrared and DMA support. 


WDCF 


WATCHDOG Configuration register for Power Man- 
agement module. (Logical device 8 at offset 06h.) 
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WATCHDOG Status register for Power Manage- 
ment. (Logical device 8 at offset 07h.) 


WDTO 


WATCHDOG Time-Out register for Power Manage- 
ment. (Logical device 8 at offset 05h.) 


XDB 
X-Bus Data Buffer. 
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Physical Dimensions 
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PlasticQuad Flatpack (PQFP), EIAJ 
Order Number PC87317VUL/PC97317VUL 
NS Package Number VUL160A 


LIFE SUPPORT POLICY 


5° - 16° 
TOP & BOTTOM 


25 (0.25) MIN 
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SEATING 
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NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 


SEMICONDUCTOR CORPORATION. As used herein: 


1. Life support devices or systems are devices or 2. A critical component is any component of a life 
support device or system whose failure to perform can 
be reasonably expected to cause the failure of the life 
support device or system, or to affect its safety or 


systems which, (a) are intended for surgical implant 
into the body, or (6) support or sustain life, and whose 
failure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can 
be reasonably expected to result in a significant injury 
to the user. 


National Semiconductor National Semiconductor 
Corporation Europe 

Fax: 1-800-737-7018 Fax: (+49) 0-180-530 85 86 
Email: support@nsc.com Email: europe.support@nsc.com 


effectiveness. 


National Semiconductor 
Asia Pacific 

Customer Response Group 
Fax: 65-250-4466 


Tel: 1-800-272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Email: sea.support@nsc.com 
English Tel: (+49) 0-180-532 78 32 Tel: 65-254-4466 


www.national.com 


National Semiconductor 
Japan Ltd. 

Fax: 81-3-5620-6179 

Tel: 81-3-5620-6175 


National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications. 


This datasheet has been download from: 


www.datasheetcatalog.com 


Datasheets for electronics components. 


National Semiconductor was acquired by Texas Instruments. 


http:/Awww.ti.com/corp/docs/investor_relations/pr_09_23 2011_national_semiconductor.html 


This file is the datasheet for the following electronic components: 


PC97317 - http://www.ti.com/product/pc97317?HQSSTI-null-null-dscatalog-df-pf-null-wwe 


